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r ' ^ • * PREFACiE 

Ed Begle recently remarked that curricular efforts during the 1960's taught us a great deal about how to 
teach better mathenjatics, but very little about how to teach mathematics, better. The mathematician will, 
■"quite likely, agree witji jboth parts of this statement. The layman, the parent, and the elementary school 
teacher, however, question the thesis that the "new math'^.was really better than the "old math." At best, the 
fruits of the mathematics curriculum "revolution" weif§ not sweet. Many judge them to be bitter. 

While some viewed the curricxilar changes of the 1960's to he "levolutifonary ," others .disagreed. Thomas C. 
O^Brien of Southern Dlinois University at Edwatdsville recently wrote, "We have not made any fundamental 
change in school mathematics,"^ He cites Ailencioeifer yho suggested that a curriculum which heeds the ways 

• in which young children leam mathematics is needed. Such a curriculum would be based on the understanding 
op children's thinking add learning. It' is one thing, however, to recognize that a conpeptual model for 
mathematics xunriculum is spund and necessary ^d to ask that the child's thinking and learning processes be 
heeded; it is quite another to'transljite these ideas into a curriculum which can be use'd effectively ty the^ 
ordinary elementary school teacher working in the ordinary elementary school classroom^ 

^ Moreover, to propose'that children's thinking processes should serve as a ba^s for cufriculum development 
^s to presuppose that curriculum jnakers agree onVhat these processes are. Such is not the case, but even if it 
were, curriculum makers do not agree on the implications which themnderstanding of these thinking processes 
would'haye for curriculum developmAit. , • r-^ ^ 

In the real worid of today's*e^lemeytary school classroom, where hot much hope for dfastic^changes for the 
better can be foreseen, it appears that in order to build a realistic, yet sound basis for the mathematics curricu- 
lum, children's. mathematical thinklhg-must be studied intensively in their usual school hajaitat. Given an 
opportunity to think freelj;, children clearly display certain patterns oj^'ought^ as.they deal with drdtnary 
,1iiathematical situations encountered tiaily in their classroom. A videotapjj record of the outward tjianifesta- 

• tions of.a.child's thinKfng, uninfluenced by any teaching on the part of ^^Ij^teryiewer, provides a rich source 
for conjectures as to what this thinking is, what mental structures the child has,developed,'and hoy( the child 
uses these structures whep dealing with the ordinajry cpncepts»of arithmetic. In addition, an fhtensive ana^sis 
of ^thls videotape generates some conjectures as to the possible* sources of what adults^vtew air children's 
"misconceptions" and about how the school environment <the teacher and the materials) "fights" the child*8 
natural thought ^oce&sef. ' , ' , * * * * 

, The Project for the Mathematical Development of Children {PMDC)2 set out to create a more extensive and 
reliable basis on whicrf to build mathematics curriculum. Accordingly, the emphasis in the first phase is to try 
to understand the' children's intellectual pursuits, specifically tlteir'attempts to acqtrfresome basic mathemati- 
'cal skills and concepts. ' * ' * ♦ . * ' * 

The PMpC, in it^ initial phase, worl^ with children in grades 1 and 2, These grades seepi to comprise the 
crucial year? for the devdopment of "bases for the future learning of mathematics^ slnctkey raathem^^ti^ 
concept$ begin to form at these grade levels. The children's mathematical development is studied bj^ means of: 

^ ' * * ' \ . ' ' 

X' One-to-one videotapedinterviewssubsequently^ analyzed by various individuals. 

2. Teaching experiments 1n which* specific variables are observed in a grou^ teaching setting with five to 
fourteen children. ^ , - ^ ^ ' " * * 

' ^ 3. Intensive observations of ch 11 drer^inp^their regular classroom setting. * * • * 

• A. Studies designed^o investigate intensively' the effect' of a particular variable or medium on communicate 
ing mathematics to young children* ' ^ ^ * ^ ^ • , 

l"Why Teach'Mathematics?" The Elementary School Journal 73 (Feb. 1973), 258-68. r 
2pMDC ijs supported by the National Sci^ifce Foundation^ Grant No. PES 74-18106'A03.' " 



' 5.„Eormal testing, both group and 9ne-tQ-one, designed to provide fuitjjer insights into /oung Children's 
mathematical knowledge. ' ~* • ; 

^ ' ^- \ ■ . : ^ . ^' . 

The PMDC- staff and the Advisory Bpard wish to report the Project's activities and findings to^I who are 
interested in matliematical education. One means for apfcomplishing this, is tl^e PMDCpi^Sication program. 

This publication is intended to. share with the reader *the. information obtained frdm thfe Fall 1974 Testing 
Program, including a summary, of the data collected during the prograip^ analyses and/or interpretations of 
selected facts, a^id the results of sdected investigative studies conduced as follow-ups to the Fall Testing 
Program. We hope the reader will find this publication to be a rich source of- ideas about Ihe mathematical 
status of first and ^ond grade children. ^ ' ^ • . • . ^ ' ^ ' ^ 

* . ^ * 

^ose ^Yishing to consult the non-commeVcial- testing and^source materials^ised by PMDQ in gatffering the 
data f)resented herein are directed to the SMSG Elementkiy Mathematics Project.Tectfnical Reports Nos. 2 imd ► 
3, Sttoftfrd Universi^, 1971. Por a: description of the Hollingsfi^ad Socioeconomic Inde^ref^r to NL/SMA 
Reports, No. 9, Non-Test Data, 1968. Resource materials, data collections fgrms^ iind reports devflojied by 
PMDC and referred to in this publication include directions for "administering the SMSG Scales, Grs^des 1 and 
2, the '"Report "On Prellminaiy Testing Program," Master Recor;^ fonis fordemo^phicdata, the School and 
Qass Profile Questionnaifes,iand Summaries of First and Second Grade Qata ffy^lndividujij Schools. Any ^ all 
materials are obtainable by writing PMDC; please use bibliograghy. ^ ^ ^ ' . \ * . * • 

Many individuals contributed to the actiyifiesof PMDC. Its Advisory Board members are: Edward Begle, 
Edgar Edwards, Walter Dick, Renee Henry, John LeBtenc, Gerald Rising, Charles Siiiock, Stephen Will<?ughby 
and Lauren \^odby. The principal investigators are: Meriyn Behr, I'om DenmarR, Stanley <Erlwan|er, Janice 
Rake, Larry Hatfield, William Mcpii^, Eugene D. Nichols, Leonard Rkaart^-L^fe Steffe, and the Evaluator, 
RayiQarry. A special reco^ition for this publication is given 4o^the PMDC Publications Committee^ consisting 
of Meri^ti Beht (Chairman), Thomas Cooney and T^m Deftmark. Thanks are du^ to graduate, students who 
participated -in the administration 'q^f. the^sls: BiU* Anderson, Pat Campbell, Cynthia Clarke, Marty Cohen, 
Marsha Fleming, Max Geriing, Fran CJjgan, Myrtle Manning, Curtia^pikes and Hal Willis..Thanks are also due 
to the Project administrative Itesistant, J^uielle Hardy, for coordinating the technical aspects of the preparation 
of this report, to Lucy Kalogef li for edfti.ng the manuscript, and ta Joe Schmedei^or the typings ^ « 

<• " • . • " * * 

r ^ ^ Eugene D. Nichols 

« \ * * IMrectOMf PMpC 
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. I. M);THOpS, RATK)NA-LEs AND TESTS . , 

♦ * V ^ • * \ ♦ 4 ' ' * ' , ' / 

' During the summer of 1974, the PMDO^ Advisory* Board and the PMDC Planning Committee were 
establishing (a> sp^ific objectives fpr PMDC, (b) operational procedures, and (c) proposals for research * , 
studi.es. One ^outgrowth »of these activities was a decisio^i to obtain ^ core of descriptive information on all 
pupils who might participate fn PMDC research studres. fioth the Advisory^ard and the Planning Committee \ , 
felt that such data would contribute to the g^neral.PMDC objectives 3nd would support l;he work of the^ ' " 
individual pVincipal investigators. Speci^fcally, th& rationale for^collectiq^^iHs base-line data was three/old^^ \ 
\ ' ,/ , ' . ' ** . . , ' • 

1. To proVIHe each principal investigator with pertinent infonnation ^r selecting subjects to participate 
lif^ investigative study. - . ' ' , * ' 
^ ' ' • ^ * i / ' • ^ • 

2. To proyidfe each principal inxe§tigator with data lo construct individual and/or class profiles, both of 
which might, be necessary components of his research report, - >^ / 

3. To provid^^he prin?;ij»l •investigator and other Wrs of the researchi reports with a basis for niaking 
meaningful interpretations (5f the jresearchr findings. ^ . ' • -* . 

The data to meet the above needs were obt-ained from a battery of test^adminfstered* during the first six weeks 
of the 1974-75 school yegr and from infonjiation available in school files. After processing, the appropriate \ 
rav^data were transmitted to the principal investigators for their immediate usfe, ' ^ * \ 

^ ■' • ■ ■■ ■ 

DESCRIPTION OF BAS&LINF. DATA^ ^ ' . ' 

The specific facts ^which comprise the core of descriptive data may be classified in one of foi^r general 
cat^go^nes: genei^al intelligence, cognitive concepts and skills, socioeconomic status, and school enviromnent. 
The coniposit^ information frojm these four categories provides an adequate, although perhaps minimal, 
background for assessing the validity and/or usefulness of the observations and conclusion's reported in the 
.various research studies. Specifically^ th^ components of the base-line data cor^ were selected'to furnish the 
following types of inforrti'ation: . • ^ • - • _ 

1. General intelligence: A measure of each child's mentalvidaptability. provides an indication of the pupil's 
academic potential. This information serves 'Os a basis for comparing* the results of an ]nvestigatio|n against 
predicted-outcomes, " • ^ * 

2. Cognitive concepts an^ skills: Measures of each child's acqiTisition of facts and attainment of concepts 
as well as problem -solving behavioflrs indicate the child's prior success in learning school-related concepts and 
skills. Such information offers a t^a^ for making comparative assessments of the pupil's achievement (past 
and future) in academic areas arid identifies, for diagnostic purposes, areas of deficiency. In order to obtain a 
mdce complete picture of the pupil's, cognitive development, reading and/t)lr matheina'tical concepts ahd^kills ^ 
were -assessed, FoV beginning first gradsrs, data\elajed to cognitive development reflect the child's readiness 

for first gra^e instruction. For beginning second graders, »uch data reffi^t to some degree the pupil's academic' 
achievement during the preceding school year, * * * 

3. SocioeconotrSa status^ An index of the* pupil's socioeconomic environment provides a measure of 
non-academic factors and variables which may'influ^n^e a child's abad^micsucce^: . . * 

4. School environment: Factual inibrmatton related to the school organizational structures, to the 
curriculuni* to the instnibtional strate^es ^employed by. the regular classroom teach>is, and to the community 
serve^d by the school provme^ description of the educational setting in which the research studies werT , 
conducted. 



. SELECTION OF ASSE^SSMliNT INSTRUMENTS ' / ^ . ' 

Once. a decision hari been'reachea on the general classifications of data to be collected, niembers of the* 
PMDC staff considered several alternative procedures for gathering the data. The Planning Conmiittee decided 



1 



use, wherever po^ible,' existing evaluation instruments. This decisio^ was primarily based on two 
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consideration^.* First, an establislied base was needed to compare the data collected for.^h6 P>1DC 1974 Fall 
Testing ProgrMn: Second, the development of evaluation instruments and procedures had not been identified 
• as a major theme for PMDC during the first year of operation. The various instruments utilized in the 1974 FaH 
Testing Pro^m are identified m the following sections. JnclUcied in the discussions are a brief descriptipir^f 
each instrument and the ratioriaje for its select ion: r\ 

,1. Th^ Stanford'Binet Intelligence Scale, Form L-M (short venion]^J^(rrevispn^^ psed to obtain a 
measure. of general intelligence 'at both the first and second gr^de-le^ls.TJ^e^hort version contains four 
subtests. For example, the Year VPS<?ale included Jhe, folloWmg subtesJ^Kvoc8bulary,;differences, number 
concepts, and composite analogi^s^FojL.y«ar Vii, tfieTubtests wer^ttiiilarities, copying, comprehension, and 
itepeating^ digits. The Stan ford -Blnet scale is individually adnjini^tered. It was selected because it provides a 
.reliable ftijid valid measure of a child's menUhadapUbimj^n^th^ derived IQs are comparable-at all age levels. ^ 

2. The {Metropolitan Reading Tests, Forrjy^l969 was administered to the/iirst grade pupils to obtain ^ 
measure of, the de^lopment of certauTskills and abilities: word meaning,^ listening, matching, alphabet, 
' numbers, aifd copyiijg. Each subte&t^individually tipied, with 'tests 1, 2, 4, and 5 timed* item-by -item. The 
Metropolitan Reatjiness Test9^t^oup administered and require the pupils^ to follow directions'and handle a' 
paper and piSncil test. 

This test was s^efted \n preference to other comparable tests because /a) this test wa? atalntsfeered as p^art of 
. the S^ool Mat^matics Study Group (SMSG) Elementary Mathematics Project (ELMA), t^ius providing-the 
potential^^^(5rfmaking comparison of the PMDC data and the ELM^ data,- and, (b) /over 50% of the schools 
liatmg in the .PMDC program administer this test as part of their regular testing program. 

^ 3. The Metropolitan Achievement Test, Primary /, Form F,^^1970, was^ administered to tMe second grade 
pupils to obtain a measure of h'ow much the pUpils had learned in important content and skill areas <Jt the first 
grade -school curriculum. Consisting ■ of four subtests (word knowledge, worJ analysis, reading, and math 
PonrpntQ^ this tpst is ProuD administered and timed on each subtest, and was included in the PMDC test battery 

; is part of the regular testing program in 

over 50^ of the participating PMDC schools. 

^The SMSG Elementary hathematics Project test l/attery \yas administered J^t the first and second grade 
levels. The composite test given at the first grade level insisted of four scales: Scale 204, counting members of 
. a given set-picture cards; Scale 205, equlwiient sets/dots; Scale 206, ordierlng geometric shapes; and Scale- 
211, classifying. These scales are administered, one-te-one, but are not timed. The directions for administering 
these scales and the test items are cited lathe bibliography (Item A). . * , , 

At the second grade- level, Jhe composite test/included five subtests* » Scale 401, number com panson and 
order; Scale 402, place value; Scale 405, comprehension; Scale 404, applications; and Scale 4Q?^omputatlon'- 
addition. These scales are administered to groups of 6-8 puplls/and are not timed. Oral directions are given for 
fiach Item on th^ first four scales. The pupils/work independently on the fifths. subtest. The procedures for 
administering these stales and the test items are^ cited in the bibliography (Item B). 

These 'SMSG scales were Included In the mDC test battery Wcause (a) the concepts and skills evaluated on 
- / these tests w'et^ Important to the work of the various PMDC principal Investigators, and (b) the existence of the 
SMSG data on t^ese s^Ies provided the potential for making comparisons with the .data ^ollected from the 
PMDC Testing Program. ♦ . ' . • 

» ' W . / ' • ^ ' , 

J. 5. The^Hollingshead Sociokonomic tfidex (SEI) was selected to obtain a measure of each puplKs social class. 

The HolllngshAd scale Is a two-factor li^de:^ uiillzlng Information about parental occupation and education, and 
. ' ""was selected because the perflnent Infbrmatlon was readily available In existing schoolrecord^. Also, formufae 
* were available for estln£^tiff{g the SEI, If Information about oftl/ one of the factors Was available in the school 
' records (see bibliography, ItenvC). ^ 

^ . • ' ^ ^ / . ' ^ 

6. Quekionnaires prepared by the PMDC staff oljtained data;pertalning to the schtfol and dass environ- 
ments. Information comprising t^e school profile included total school size, gradeMevels, febe organizatlo^ of 
classes at each grade level, a d^crlpfloir of the cpmmunlty served by the school, special sen^j^es available to 
teachers In^e school, and th^ source of monetary support. For each class from which pupils were"^chosen to 
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participate in a PMDC investigative stud>, descriptive facU> obtained were cl!isii,sue, metliod of Assigning pupils 
to the class, textbook(s), the'mode of instructjph topically utilized b> the regular classroom -teachers, the use 
of materials* to supplement the instructions provided in the textbook(s), and the availabilH> of additional 
instructforial assistance. The school profile and class profile questionnaires are cited. in biblrographv (Item D). 

PROCEDURES FOR COLtSCTlNQ AND REPORTING DATA \ 

— — - ' , < 

. Since data for the 1974 PMDC Testing Prograrti were obtained from seven schools at four geographical sites 
b^y seven principal Javestj gators, there was . general concern from the*outset that ]guidelines be established to 
ensure^ to the greatest extent possible, unifomii methods of data collection and reporting. Thus, .detailed' 
instructions were provided for the administration and the scoring of each test, each person involved in\h£ 
testing program participated in an appropriate training program, and special forms were provided for rec6rding 
. data.' ^ • ' ^ ' . * 

Other major factors considered in the design of the testing program were the atgount of time needed to 
administer the'-entire battery of tests and the feasibility of obtaining certain data from school records or Trom 
parents. In order to rtiinimize the additional demands placed on pupils and teachers b> the testing {program, data 
obtained previously fbj other purposes \yere utilized. Forexample, if a' test included in the test batter> had been 
previously adrpinistered as part of the vregular school testing program, the data from this earlier test were 
collected for PMDC purposes. ' • , ^ 

" ^ ^ . \' * ' ' ' 

The rights and privacy of the pupils were ensured by ^signing to each pupil an identification number for 
the purposes of^ recor(jittg and reporting data. Also, parental permission for a child to take certain PMDC tests 
and/or for gathering data from the pupirs>crmanent record was secured. If a paretit requested that the child 
,hot participate in the Testing Program, his request was hoiiored. In addition, each principal investigator was 
responsible for gathering data related to school and class environments and for recording same on forms 
supplied (see bibliography, Item D). ATile bj^schools on all data collected as part of the PMDC 1974 Fall 
Testing Program is maintained at the Tallahassee site, the data in each school file is recorded on a master 
recoM sheet praviding comprehensive coverage of dat<^ pertaining to each pupil (see bibliograph\ , Item.E). 

Details on the administration of the 1974 PMDC Testing* Progranj follow: ^ 

Stanford-Bine t Intelligence Scale. At three 6i the four PMPC sites, this test was admrmstered b> ac^vBpced 
graduate studerrts majoring in psychology, each of whom was certified as being qualified to administer the 
Stanford-Binet intelligence Scale. At the fpurth site, the PMDC Staff received appropriate trainjng to become 
qu^ified to give this test. 'In two schools, an IQ measure was obtained on each pupil in a participating class. In 
the other schools, to obtain such a cpmprehensive coverage o*f IQ data was not possible because the jize oi- the 
sample, population made the cost of administering the IQ instrument prohibitive, some parents fefased to grant 
permission for the test to be given to their child, and som^ principals wefe reluctant to agree to a large-scale IQ 
testing program in their schools. However, in situations where IQ measures (lould not be secured on entire 
classes, the SU.nford-'Binet was given to most pupils in either an experimental or control group. Due to delays in 
securing permission from parents and-schopl offijcials to administer the Stanford-Binet, this'^hase of the testing 
program was not completed until February 1975. * " — 

Metropolitan Tests. The Metropolitan tests. Readiness for grade one and Primary I for grade two, -were 
administer^p by the regular classroom teacher or a graduate student working for PMDC. In each case, the tester 
was instructed to follow the direct ion§ provided in the appropriate instructional manpal. No special training foT^ 
administering these tests was given. Ip four schools, these tests were part of the regular testing progr^im aodj^ere 
scored by PMDC Staff members at the yjarious sites. In one sehopl, the Metropolitan Achievement Tests, 
Primary I, Form H, had been previously gv^en as part of the regular first grade end-af-yea£fi973-74) testing 
battery, fherefore^^the Primary I, Form F, test was not given to these second grade-students in Septeml2£r-ia54. 
Data obtained from the Metropolitan Primary I tests administered in this-school were not included in the 
statistical analyses given in this report. The administration of^ this component of the>test battj?r> was completed 
by mid-October 4974. ; . , -/^ ^ 

SMSG Elementary Mathematics Project - First Grade Scales. Materials for these tests were reproduced with ^ 
permission of the SMSG Director. These scales were administered b^ PMDC principal investigators and graduate 



of the data related tp school size, grade levels, and support is provided in Table 1.^ 
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students according, to the^instructions provided in the SMSG materials; each tester also received special training 
. on adniinistering these scales.* At the^Tallahassee site, the project staff had an opportunity to practice giving the 
' $MSG scales in'a noa-participating jschool during the last part of August 1974. Videotapes were nutde of this 
trial testing experience and were used, along with qther observational notes, to assist each staff member in 
analyzing his/her testing behavior. A report on this pilot tesUnf program was distributed to principal investiga- 
tor? at each of the other sites. • ^ / . * ^ ' ' ' 

Hie, SMSC first grade tests were administered in two schools in Tallahassee during the first two weeks of 
Septebiber 1974. Approxinjately one^half of tfie sessions were, videotaped /or latef analyses. Excerpts frwn 
tjiese tapes, highlighting significant pupil an^/or tester behaviors, were used to make a composite tape of the 
administration pf the SMSG First Grade Scales. This tap6 was distributed to principal investigators at each of 
the other sites. . * • 

^ The composite videotape, the report on the preliminary testing program, ^and the SMSG instructions were 
used by principaMnvestigators at the other three sites to design a training program for PMDC staff jpembers who 
would assist in the adniinistration of the SMSG first grade Jtests. The administration of the SMSG First^ Grade* 
Scales was conjpleted in all but one school by the end of the first week of October 1974. A delay in reaching an, 
agreement with school officials for PMDC staff. mefhbers to work in that school postponed admiitistration of' 
this test until mid-0/;tober 1974. ' ^ 

The tests were scored according to SMSG instructions. In addition to SMSG scoring procedures, th'e problem- 
solving strategies or techniques used «by pupils in responding to each quesUon werfe noted by each tester. 
Instructions for coding t}iese pupil behaviors are given on the Pupil Score She^t cited in bibliography (Item F). 

$MSG Elementary Mathematics Project - Second Grade Scales. Materials for these tests were Reproduced 
with* permission of the Director of SMSG, and w«e administered by PMDC Staff members hi each of the four 
ates, following instructions provided in the SMSu materials. Procedures for ttainihg personnel ^nd for scoring 
this test were similar to those employed for She SMSG first grade tests. However, a videotapd^or training 
purposes ;was not prepared ilor were pupils" behaviors recorded, since the second grade tests was group adminis- 
tered* The second grade SMSG* test had been given to all pupils by mid-October 1974. • ^ . 

'Socioeconomic Indepc. The collection of data necessary for the computation of SELs was the responsibility of . 
each -prhicipalMnv^stigator. Procedures for gathering this information wej^e available in materials reprinted, with 
permission, for NLSMA Reports^ No. 9, Ncfn-Test Data (fcibliography. Item C). The reqtiired information was* 
generally available in school records. However, in one school permission to use this information was g^ted 
only for the pupils involved in the PMDC study, not for every child who participated in the PMDC Testing 
Program.. Another school did not grant permission for the cbllection of the necessary Information. The data 
collected for fcomputlng SEIs were recorded on forms provided to each principal Investigator. These forms were 
fonyarded to the Tallahassee site where the SEIs were computed, and each principal Investigator was apprised 
V the SEIs computed^or the pupils In his sample. ' j * . * 

li. DESCRIPTION OF SCHOOLS " 1" / 

* The battery of PMDC tests was administered In schoolsjat four sites: Tallahassee, Florida ;*Athens, Georgia; . ^ 
Austin, Texas; and Athens, Ohio. A total i)f seven schools participated In the testing program (thre^ In Athens, 
Georgia; two In Tallahassee^ and one at each of the other two sltes)^ providing a variety of educational and. 
cbramunlty environments. Pertinent descriptive data on these^ schools follow, wlth'each schoc^i" assigned a " 
number from 1 through 7. . ' . ' 

Six of the seven schools'were primarily elementary schools. Four of these schools served pupljs In^cJ^s K 
through 5; tvro other schools, 1 through 5. The seventh was a comprehensive school encompassing .grades K> 
through ll' The-enrolhnents Tang^d from 274 to 887 pupils, The school with. 887 pupils Included grades K 
throu^ 12^ with approximately 3Q0 pupils in grades K through 5. Six of the seven schools were part of a local 
public school systent The seventh Is bc^ classified as a university developmental research schopL A summary 
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Six pf the seven schools draw pupHs from either urban or suburban communities. Three of these schools 
serve, an inner-city or an ethniq niinority .x>f the corpmunity. The seventli school serves a small city and, its 
surrounding rural area. In all seven schpols, the pupil population was. diverse with respect to famil]^^om,e r 
that is, the pupils attending each school were drawn frqm neighborhoods ^with a range of socioecorttfril^ cUssi 
n cations. For reasons previously stated, it was Impossible to obtain data necessary for the derivation of a 
socioeconomic index (SEI) for each' pupil participatfng in the Fall Testing Prpgram. Table 2 contains ^ ^ 
summary of the ^available data. ^ ' • • . * ' , < , 
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Summary of Available Socioeconomic (SEI) Data by S,cfiopls * 
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The data in Table 2 were obtained for pupils in grades 1 and 2*. (NOTE: The socioeconomic status rank^n^ and 
the measure of the socioeconomic standing are inversely pro{^rtional.That is, the lower SEf measures denote 
the hig|ier socipieconomic classifications; the larger nu^ers refl^ a low^r socioeconomic status.) 

Four schools organized their first and second grades into, .self-contained classrooms while three other 
schools stoictured clasps along pod or open^oncept line^.'^^tn five' of the schools, the services of a reading 
resource teacher were available. Three schools had ^he service of a mathematics resource teacher, provided b>i. 
Emergency. Sdiool Assistance Act'(ESAA) funds. Title I Assistance was available to pupils in threij schools. 
Most of the schools also had a variety of special resource servi^res in such areas,a« Educable'Me^tally Retanded 
(EMB), speech, art, pousic, physical education, learning disabilities, and gifted studies. Only one school 
, reported that no special resources were available* 
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DetilliM information on the first grade population and test^atteries is givenjn the third chapter of this 
report. Similar information on the second grade follows in the fourth chapter. Data reports by individual 
"^schools are cited in bibliography (Item G). .« 



111. FIRST GRADE TESTINGVROGRAAI 

~ ENROLLMENT BREAKDOWNS. ^ ^ ' " ' 

^ Pupils participating in the 1974 Fall Fibt^Orade Testing Program were selected from ^ total of 13 
mathematics sections in the various schools^ ta))le 3 Indicates Jthe number oj^ sections in each school, as well as 
the nuifiber of pupils per section. \ * ^ . ' 

- . • ^ Table 3 ' . ' 

. * ' " 'Math Sections and Enrollmcn;^ by, Schools (Grade One) . '^^< 
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The combined first grade ptJpulatiOn^ (alliseven schools) for the 1974 Fall Jesting Program^ cernsisted of 279 
- pupil^. The sex distribution by schools is given in Jtjjle 4. , . ♦ 
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•'School 


Boy/ 




Glrla 










* * I 






11 


2 


' 12 




II 


3 ' 


16 




1-4 


4 ^ J 


. '24 ■ 


1 


14 


5 ' 


. 23 

f 




/ 18 


6 ■ ' ; * 






28 




30 






Total 


154 






Percentages 


55.27. 




. 44. 



A^e Distributions. In September 1974» when the battery of tests was administered, the mean age of the 
pupil* was 6 years 4 months (76 months) with a-standard deviation of 4.6 months. The 'iiges^ ranged from 5 
y«ar8 9 months (69 months) to 7 years "7 mpnths (91 months). The median age wlis also 6 years 4 months (76 
months). The distribution of ages is shown in Figure 1. The date of birth was not available for four children. 
The data suggest that the children in the composite population iWere of average age for first grade children, 
since the median age of the pupils in the samijle us^d ta establish norms for the Metropolitan Readiness test^ 
• was also 6 ye^ 4 months. • , ^ * 
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Figure 1 



Distribution of Students by Ages in Months (Grade One) 

Class Descriptions. All but one of the schools assigned pupils heterogeneoudy to-math^ctions. The one 
school which grouped pupils homogeneously did so on the basis of. achievement, and regrouped the pupils 
every 2 or 3 weeks. This school followed an open concept structure. The modes of instruction were fairly 
consistent, with 12 of the 13 sections teaching mathematics primarily in small groups. In only one secfibn did 
the teacher generally organize the mathematics instruction along the lines of a total class presentation. A total 
of sue differe^jt textbooks was used In the various sections although ih one section there- was no principal 
textbook; rather, the students worked^ in one of several textbooks, jiccording to the iissignment made by the" 
teacher. Various supplementary^material^ were also available in each classroom. Tlible 5 summarizes the typp 
of supilement^ materials available in each classroom. The data collected on the ayailabilpf of supplemen- 
tary materials^ suggest that nSjanipulative aids, workbooks, andLvarious games "Were generally available. 
, Commercial diagnostic tests and "cassette tapes, hpwever, were available in oiUy'a few: schools.* The ^ata 
collected on the use o( supplementary materials indicated that such materials-weije frequently used in 8 of the 
13 sectionJ^In^nly two sections was the use of supplementary nlaterials described as infrequent. ^ , 

In 10 of the 13 sections, the regular classroom ,teacher received assistance in implementing the instrxiction^ 
program. Eight sections had the services of university students, five of th^ sections W,ere assigned teacher aides 
or para-professionals, and three sections had assistance of either older pugils or parent volunteers. 
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RESVIXS FROM THE'FIRBT GRAM TEST BATTER Y' 



'The Stanford-Binet Intelllgetice Scale was administered to 135 pupils in the combined population. For 
reasons disbussed previously, IQ measures could not be obtained on ^all pupils in^the sample population. The 
mean JQ for the selected .sample was 112.8, with a standard deviatioh of 1T.3. The IQ measure? ranged from 
76 to 158; the median IQ was 113.6. The distribution of the IQ data is shown in Figure 2. T 
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- , ' Figure 2 
Distribution of IQ Measures (Grade One) 
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This dlBtributioii of IQ ini\ftflurcs ^ugi^ests lhat the avcFa^'e mental ability of the selected subpopulation is 
. slightly hjgher than th^ sample used to establish the Stanford-Blnet Norms (1960). . ^ ' \ 

One' indication of each child's readiness for first grade instruction was obtained ftom the pupiPs perfor- 
mance oif the Metropolitan Readiness Test^ which was administered*to 267 pupils. Ten pupils did not take the 
test either because they enrolled in the clas^ after the test had been ^ven or were absent for an extended 
period of time. The distribution of percentile rankings for^ those pupils who took the Met/opolitan Test is 
shown in Figure 3. ^ ' , ^ , ' . 
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• Fi^re 3 . 

Distribution of Metropolitan Readiness Percentile-Rankings (Grade One) ' 

The medn percentile ranking on the Metropolitan Readiness Test was 69.5. The measures rangfed from a low 
of 1 to a high 0^99; the median ri!easure was 80.6. This high median measure suggests thjt, on the average, the 
pupils in the composite population ^^ere better prepared for first grade work than the pupil population used to 
, establish norms for the MetrppolitAn Readiness Test. 

Counting Picture Sets. Pdpils in the cofhposite population were also administered four mathematics achieve- 
ment tests developed ^or the SMSG Elementary Mathematics Project (see bibliography/ Item A). On the first 
test, counting picture sets, 67.3% of the pupils correctly answered, at least seven of the ten items. The mean', 
gc6re was 6.8,^with a. standard deviation of 2.9. The median measure was 7.8. The distribution of correct 
scores is shown 'ih Figure 4. 
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SMSG Counting Scaig/R,aw Scores (Grade One} 



•The picture car^ used in the administration of this scale are repr<^ced below^. A summary of the data 
which reflect pupils' performances on a given item is recorded tq the left of the appropriate card.^Includtd^m 
the data summaty,are (a) the number of correct/incorfect responses, and (b) the strategies iised by the pupils 
in , determining the number of each set. A discussion ^of the problem-solving strategies used by the pupils iji 
responding toyfhe counting scale is found on pages 1,648. . « 
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^i^prodUced with permissioTf^ the director of. S^iSG but without* the endorsement of the School 
lO Mttheraatics StudyOroup. , *v * - " 
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' Visual Counting 
' * Systematic Pointing/ 
' Random Pointing 
' Automatic 
' No Information 



r 



C: 225 ^ 

!•: 29 j 

O:, 25 j 

VC: 140/17 jj^ 

.,SP; 63/i . j 

'RP: 176 ' 

A: 20/4 \L 

IQI: * 1/1 ^4— 





C: 185 

I: 49 
O: '46* 

VC: 120/34 ^ 

SP: 60/0 

RP: 0/10 

>A: 4/3 

NI: 1/1 



' Item 10 




Item 12 



4 




C: . 134 
I: 70 . 
. O: .75 

VC: 80/42 
SP: '50/3 
RP: 3/19 
A: Ofl 
NI: 1/6 



C: 206 
\i 37 . 
0: 36 

•'VC:, 135/27 
gP: 63/2 
RB^* 4/4 
A: *;2/2 
NI: 2/2. " 



C: 155 

I: ;61 

0': 50 

VC: 99/43 

SP: 55/2 

RP^ 2/l6 

A; 1/3 

NI: 1/0 



C: 


85 


I: 


101 


0: . 


93 


VC: 


50/5% 


?P: 


30/5 


RP: 


3/37 


A: 


1/1 


NI: 


1/3 




Item 11 




-4^ 



Item 13 
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Th® itemize, 7, and 8) and the fifth item (10) on the test invqived sets With six orifewer 

-.^^^umbers; only in Item 7.\^ere set members not arranged in an orderly pattern. The sets used in iiems'9,,Xl, 12, 
;!^"^y)^jmd'l3^^,^^ ?, 8 or\9 members, but onii' in item 12 were the elements of the sets grouped in easily 
^^*^untabf^,t^^ The sets\in item.l4 and 15 contained 12 and IS^embfers, respectively, and in^these items 
^ . tb,e?^mber$ of the sets Welrc not arranged in an orderly pattern. A response was recorded as an **<imit" if the 
pupirliid not give an answer. In accordance with the SMSG instructions,- the test was terminated after the 
pupfl gave three /<5pns€cutw^y incorrect tesponses. this administrative constraint accounts largely for the 
marked increase in the i^umber of omits after item 8. Hie pupils' success in determining the number of 
mernb^rs in e^h set Is* reflected in Table 6. The item numbers refer to the numbering scheme used on the 



PuRil Scate aiejBt,^bibllography,^^Item A). 
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SMS^G Counting Scale Responses Items 
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. The Sa^^in Table 6 suggest th^t 80% of the pupils could successfully determine the number of picture sets 
with five or fewer members and thaf about 50%-of th^ pupils we^e proficient in counting picture sets With up 
to 12 members, reg^less of the arrangement of the pictures oh the card. , ' 

• Equivalent Sets, The results. on the setJ^nd test, equivalent sets;sh6w that 75,9% of the students correprfy 
answered at least five of the six items. Thfe mdtn number correct was 4,8, with a standard deviation 01 1 A 
The median numbej correct was 5.3. Figure 5 depicts the dt§tribution of jsorrect score's on this testr^^, 
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Figure 5 ' 1 , 
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1? SMSG EqiTiyalent Sets Scale Raw Scores (Grade One) 
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' The (tot cards used in this scale follow:^ 
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'^Reproduced with pCTmission of the direct9r 'oif §MSG 'Jbut withqjit the endorsement of the School 
Mathematics. Study Group. I 
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' A report on the data, Item-by^tem, is given in Table 7, 

' ' * Table 7 



1 ?SMSG Equivalent-Sets Scale Responses by Items 
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The SitASG instruc^ons were' to terminate the test after three consecutive incorrect responses. These 
administrative guidelines largely account^or the increase in the number of omissions after item 18. 

About 90% of the pupils demonstrated on this test their ability to construct a set equivalent to a given set.. 
The first problem oa thjs ?cale, item 16, proved to be more difficult than later problems involving a greatW 
number of' dots'. Several possible explanations for this exist: (1) several pupils did not understand the 
ditections since this was the first item, (2) one dot in the set was considerably Smaller in size and placed m one 
comer away ♦fr9m other dots, making it easy to overlook, and the dots were not arrpged in an easily 
reproducfble pattern. In contrast, although item 20 involved six dots, the dots were so arr^rig^d that the array 
was e^y- to reconstruct. Thus, there were over 60% fewer errors on item 20 than on item 16. The last 
question,*ltem 21, was answered correctly by only 62%of the pupils, indicating it to be the most difficult item 
on the scale. This iteb was ttie last question on the scale and contained the largest number of dots; farther- 
.more, the dots on the card were so arranged that for a pupil to overlook one of them was possible. 

^Seriati6n,"The third SMSG scale was a test on seriation; i.e., ordering objects and geometric shapes. On this 
test, 71.7% of the pupils successfully completed at iea^t five of the six tasks. The mean number correct was 
4.7, with a standard deviation of 2.1. The median liuir^er corireet was 5.7. Figure 6 shows the distribution of 
scores on this test. ' v . 
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Figure 6 "~ 
SMSQ Seriation ^Scale Raw Scores (Grade One) 
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T»ble 8 gives an item-by-item biretkdown &n the pupils' .responses on the seriation scale. The directions for 
administeringttiistestarecitedinbibliography (Item A). ' / 
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SMSG Seriation Scale Responses by Items 
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The piTpils' perfonriances on the six items were relatively consistent; approximately 80?o of the" pupils 
correctly ordered the objects. Theu>ature of the materials^geometric'shapes or o{)jects,,did not seem to affect 
a .pupiPs ability to complete successfully ^ seriation task. One 'possible exception, however, was item 29, in . 
which the pupils wer& expected to order a set of straws of varying^lengths. Many pupils placedthe straws end 
to end> rather than in parallel lines. This technique made it considerably more dif ficidt to discriminate visually 
between the different lengths. Thus, there were slightly fewer correct answers for Item 29^ 

Most pupils>v,hx) failed to give a correct ordering did, however.'produce a partial ordering. That is, wliile the 
end objects were correctly arranged, the mif|dle objects were rfot. A possible expla;1itjon for'thjs response is, 
that the pupil did hot fuUy understand the directions 'an^ picked, out only the largest and smallest objects. 
Having'thus identfified the extremes, the pupil considered the task to be completed: f i 

• - ' <■ " 

, Classification. The last SMSG scale assessed pupils' abilities to classify objects and geometric shapes by size, 
"TTie pupils performances on these tasks show that 90% were, successful on *a|^ least four of tlj^five Hems. The 
mean number correct was. 4.^, with a standard- deviation of 0.7. The nie^lan. number correct was 4.8. Thi 
distribution.of,numb€r correct is displayed in Figure 7. * 
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t / \^ * ^ Figure 7 

: . SMSG Classification Scale Raw ^ores (Grade One) . , * 

" Data from pppils' responses to the five items on the classification scale are rcTported \r\ Tablf 9. Thi 
directions for conducting this sectioV of tfie SMSG tests are cited ihf bibllogripMy (ftem A). 
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' --^MSG aassification Scale Responses by Itcjns 
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The corrfect response was given by* at le^t 90%j)f. the pupils on all items except item 28. Also, every child 
attempted to an^er each question. Two explanations for the comparatively poor performancos 6n itenj 28W 
possible: (a) in the^ two previous questions^ the pupils had been asked tb identify the ^allest object: s^me 
" childf^ might thejeby hav'^ been condittontd to respond to the smallest V^bject and thus answered ^^^V^^ 
• thinking; (b) sorte children did not consider "Ingest" W be a synonym for :*biggest/' Perhaps to them, *1arge" 
referred to something smallet than "big" or was.a synony^n for "smallest." 

4!lie statistical data presented above provide an overview of the pupils' abilities to perform certain t^ks. 
They do notprovide any infoqiiation about the prp^lem^lving procedures utilized by the pupils or about'the 
nature oi the e^rs made. HoTO^;er, su'ch in^formation is provided in the following analyses of^the data from 



the SMSG tests. 



ProblemSolving, A$ a^upil's response to each item on thfe SMSG Counting Picture Setk Scale was record 
,the technique used by t^he* pupil in determining' the numbers of members in the set -^as ajfio in4f?ated. 1 
various techniques were'tHen grouped into four basic categories. Some pupils^mployed a t^chriique classified 
as visual counting. Students^ using this method exWBited obvious sigfls of a counting process. Other pupils 
actually pointed to (touched) the pictures, either systematically of randomly. Thus, Xwojldditional categories 
olr counting techniques were pointing systematically and pointing randomly. The (oui;th category includes^ 
automatic responseSs, That is, the pupil gave a response without any evidence of counting: The summary, of "~ 

/data collected for this analysis is given in Table 10. The item numbers correspon^^ numbering scheme 
used'in the SMSG test (see bibliography. Item A). In TabJ^ 10, correct and incorrect responses are broken 
down by the four response technique^ categories; number/ indicate the, number of pupils using A particular 

—strategy to solve a given Item. If a pupil attempted to Answer the item, but the tester failed to recprd the ^ 
strategy -employed by- the^pupil,*the pupil's response is included in the* **No Information'* category. The 
"omitted" cfassiGtation includes those cases in which the pupil made'no'' visible attempt\to answer the ques- 

• tion and thosrinsUnces in which the Jtem was not given to the pupil. In accordance^ with the SMSG directions 
for administering the counting'Jtest, the^esting waf t^inated when the pupil did; not correctly answer .three ^ 




consecutive iteits. 



' An analysis of these data reveals several Interesting facts and trends. First, /most children u$e the yisij^l^ 
. counting strategy. While it is true that children using the visual counting technii^ue gavfe most of .the eorrUt 
answets/it is equally ,trye that most errors on the more difficult items were'mad^ by children uSpg the visual 
technique. It should also be noted that the incidence of correct visual counting tends to decre^i^'^as the 
probSms become more difficult, whereas the number of cases involving correct systematic pointing kmains 
relatively constant. Very feW incorrect, answers are associated with systematic pointing. Apparency, the/i^isual 
counting strategy becomes les^ reliable as the items^ become more^difficult. That is, as the nilmber of menlbers 
in the item sets increjised, the ratio of correct-to-incorrect responses tended to ^decrease. Students^uSing the 
visual counting strategy seemingly ma'de an excessive number of errors on items 7 and 9, considering ^he 
apparent lack of difficulty of the tasks. Some^rror§ on itepf? might be explained by the fact that one object 
in the set, the flag, could be consti:yed as two objects, ^^e drawings on the/ card tlSed in'ftem 9 wer&not 
arranged in an easy counting pattern; thus, the number of enrors U consistent with the pupils' responses on 

16 • ■ •-■ . .. ' . ' - - 
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similarly arraAged items. 
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Tabic 10 ^ 
Counting Picture Sets: Problem-Solving Techniques 
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In terms of the cojrect-tQ -in correct response ratio, the systematic pointing strategy was consistently a more 
reliable technique for determining the number of a set. The fluctuations ip the correct /incorrect ration for 
systematic pointing strategy ^e attributable in part to the small number of incorrect responses resulting from 
thelise of this technique. VeSry few correct responses involved rantiom pointing, considerably more incorrect 
responses were associated with random pointing, especially on the' more difficult tasks. These observations 
indicate that the random*pointing strategy is not an effective means of determining the number of a set. 



In addition, autornalTc responses were found to Ue infrequent, except for items 6 and 8. Children under- 
standably could respond withoiit counting on these itms, since item 6 hadpnly four members and rtem 9had* 
five Members arranged in a familiar pattern. ^ - . . • 

The problem-solving techniques utilised by the pupils in responding to the tasks involving the oonstruction ^ 
of equivalent sets were classified into four groups. Pupils responded by matching the buttons to the dots one- 
to-one, and in the process reproduced thd dot pattern. In another oat-egory, the pupil matched the buttons and 
dots one-to-one, but did not reproduce the dot pattern. 'As a third strategy, the pupil counted the dots, then 
counted the buttons^, and then reproduced the dot pattern. The fourth category is similar to the third, exifeept 
the dot pattern was not reproduced. Recording pupiU^ responses to a given item included indicating the 
pr%ble~m-solving techniques used by each pupil.^ The data related to the problem-solving procedures utilized in 
responding tp the equivalent set items are given ih Table 11. -V 

»* . ' 

^ The data obtained pn t\ie various strategies pupils use to solve tasks involving the construction of equivalent 
sets indicate that considerably more pupils used the matching strategy than the counting strateg>. lH^ data 
also suggest that pupils using the macRiing technique- have a slightly greater chan|e of giving an incorrect 
response than those using the counting strategy. Among the pupils using the counting strategy, the ratio of 
those not reproducing the pattecp to those reproducing the patterp was about three to two. The data< 
presented in T*abje 11 also suggest that the pupils were reIativeIy*con^tent in their procedures, regardle^ 6f^ 
the difficulty of the ilem,» ^ . . v ' ^ ' 

No attempt was made to classify the problem-solving strategies used by the piTplls in answering the ques- 
tions on^he sedation, and classification scales. The sedation sc^le presented so many vadablesj hat a^ |)ractical 
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Equivalent Sets: Problem-Solving Techniques 
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scheme for codifying and describing each strategy could not be devised. At the other extreme, the classificj 
tion scale task's fid not call for the utilization of a problem-solving strategy-. Thus, only correct ahd incorrect 
responses wore recorded. ^ ^ 

» ~ ' • • ■ ' \ ■ 

" ' ' * IV. SECOJ^JD GRADE TESTING PROGRAM 

4 ^ ' ^ 

ENROLLMENT BREAKDOWNS . , " 

The 'second grade pupils participating in the PMDC 1^74 Fall Testing Program were selected from five 
schools with a total of seven sections. At least one school wasjocated at each of the four PMDC sites. See 
Table 12 for a breakdown of the number of «Mions per ^hopUnd the enrollments ih each section. 

^ ♦ . ' • . Table 12 . . v j 

Math Sections and Enrollments by Schools (Gracit Two) 
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^ A totat of 13> children participated in the Testing Program. DistribiiUdti by sex among the five schools is 
shown in Table 13 on the page following. ' * % v 

* Age Distributions. In September 1974, the mean age of the second ^rad^ was 7 years, 4 months; (88 
months). The standard deviation of the distribution was 3.8 months, with/ range in age from 6 years .9 
months (81 months) to 8 years 1 month (97 months). The median age wa^^ears 5 months (89 months). The 
date of birth was not available for five children. The data suggest that the cKildreo in the sample population 
were of normal age for second grade children. The Histribution of ages^is j^howji in Figure 8 on the oage 
following. . u ' ^ 
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-Sex Distribution by Schools (Grade Twp) 
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Note: The numbering scheipe used to identify schools 
' with a ptnticipating second grade class is identical 
- to that used, with the first grade program-^Tt^e 
schools assigned an identifying'number o^ Mther 
^ or 7 fn the. above T^ble did hot have second 
5 , gradtf students pl^ticipatingt^in the PMDC Fail^ 
'''Testirtg Prograpn. • - - " n 
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Figure 8 ^ . ^ 
Distribution of Sttidents by Ages in Months (Grade Two). 



Clou Descriptions. All but one of the idiools assigned pupiUheterogeneously to math sections. The one 
schod whidi grouped pupils homogeneously did so on tlfe btai% of matheiiutics achievement tests constructed 
by the t^ai^fers in that sdibol. Since in this school mathematlca^was the only subject for which homogeneous 
grouping was employed, the pupils dianged clasiei for the nuthematics period. 

Th^ mode of instruction was talriy consistent, with fiye of -the seven sections teaching mathematics ' 
priinJiTily ifi. small gi^pups. In one section, instr^ctiop was organized along the lines of total class presentation, 
while, in 'thr other sections an individualized instructional program was ettoployed. A total of/three different 
textbooks were used in the various sections, but in each section the principal textbook wasisupplemented wiUi 
a variety of materials and aids. Table 14 on the page follovdng summarizes the types of supplementaify 
materials available in each classroom. - ' ^ * 
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The data collected on the availability of supplementary materials suggest/that workbooks and nmnipulativ* 
aids were gpneral\y available. The' other ^?«s of materials, such as games and dwsette tapes, were maiijtained 

, in only a few classroomsl^Dafel on the icte ot supplementary materials indicate t^iat teachers generillyv made ' 
only occasidnal use of these aids. Frequent use df available supplementary mat§jial by pupils or teachers was 

' jndfcated in only two sections. In 'four df.the seven sections, the regular classroom teacher received assistance 
from either university students or teacher aides. Ip one section older pupils were available on a»regiilaf basis to 
assist with the mathematic^lnstructfon. * ^ • ^ . / . ^ . 

. RESULTS' FROM SEcbm GRADE TEST BATTERY » . , • . 

. this se<*tlon reporte data -(br tjhe total grade sample. The report' 6f daU by Individual ^choolsrls cited In 
bibliography, Item.G. ' . . * * ^ ^ ' . ' • ' 

' The Stanford-Blnet Intelfigence^Sc^le was adminlstefed to 97 of thfe 137 pupUs. The mean IQ fpf this group 
.was 113.3, iflth a standard deviation of 16.2. The IQ measure ranged from 74. to 162^The m^edian JQ measure 
wa? 11^. Figure 9 displays the distribution of IQ measures. ' ^ . ' ^ '^^ 
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Figure 9 * 



Dtstribution'Of IQ Measures (Grade Two) 



The data collected on these students suggest that this group was not a representativje sample of second grade , 
pupils; the. children evidenced ability slightly higher than might normally be expected as indicated by. the 
sample used to establish norms for the Stanford'-Binet Scales (196o}. ^ v . . , / 

TTip Metropolitan Achievement Tests, Primary I, was administered* to the second grade subjects in order to 
obtain a measure of thelr^ achievement on basic reading and mathematics skills. The test was given at only four 
schools (three sites) since at the fifth school an equivalent form of this test had been administered at the 
coippletion of the first grade. The data reported below were obtained only from those four schools in which* 
the Metropolitan test was given a^ part of .the 1974 Fall Testing Program. The composite Metropolitan 
,Achlefement Test, Primary I, provides measures onva number of subtests, among which are (a) total reading 
measure* (b) word analysis, and (c) mathematics. These scales provide a comprehensive picture of a pupil's 
abilities in these skill areas. * • ^ 

^ Metropolitan Reading. The pupils who took the Metropolitan Achievement Test as part of the 1974 Fail 
Testing Program had a mean percentile ranking, of 70.3 oh the total reading subtest. The total reading score 
reflects the pijpil's reading vocabulary and comprehension of written material. <The percentile scores ranged 
from 6 to 98. The median was 78.8. Figure 10 depicts the distribution of these scores. 
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Distribution of Metropolitan* Work Analysis Percentile Rankings (Grade Two) 
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' ^ Figure 10 

' Distribution df Metropolitan Total Reading Percentile RSfnkings (Grade Two) 

The statistical analysis of the reading concepts and skills^data suggests that the composite populaticjn was. 
definitely above average when compared to the population used to Establish norm&'^for the Metropolitan 
Achievement Tests. ' * * " 

* • * . , ■ ^ *' ' 

Word Analysis. A related subtest assessed a pupil's knowledge of sound-letter relationships or skill in 

decoding. The>mean performance on this^scale^as 61.2%, with a standard deviation of 25,6, The median 

\ahking was 62.3%; the range was from thelfacth percentile to the 96th percentile. Figure 11 provides a graphic 

display ^f the distribution of percentile ranking sample population. 
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The pupil's p^erformance on the word anal/sis subtest was slightly above average compared to the results from 
the Metropolitan sample. 

Mathematics^ Jhe third scale on the Metropolitan Achievement Test measured pupils* understandings of 
basic mathematical concepts and computational skills related to addition and subtraction^ The pupils' pejfor- 
mance on this scale resulted in a mean percetitile ranking of 69.7. The perc,entile scores.ranged from^4 to 99. 
The median percentile was 77. Figure 12 shows the distribyution of measures. 
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' \ bistribution of JVletxopolitan Mathematics 'Percentile Rankings (Grade Two) 

• * 

The descriptive statistics on the mathematics subtest results suggest that compared to the sample used to 
establish norms for the Metropolitan test the. population was definitely above average in its acquisition of 
, mathematical concepts and skiflsjeeherally taught in the first grade. ' 

An additional measure of pupil mathematical achievement was obtained by administering selected scales 
prepared for the SMSG Elementary Mathematics Project. The composite second grade population (all five 
schools) took five of these scales, including number comparison, place value, comprehension, applications, and 
computation. Eacli scale was designed to be administered at the beginning of the second grade. 

Number Comparison. The number comparison scale consisted of seven items. The mean score was 5.8 with 
a'standard deviation of 1.6. TTie measures ranged from none to seven correct. There was a median measure of 
6ui. Figure 13 shows the distribution of the'Sata. 
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SMSG Niimber Comparison Scale Raw Scores (Grade Two) 
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Approximately 72% of the pupils correctly answered at least six of the seven questions. The pupils' perfbr- 
mances on eac^i item is reported in Table 15. ^ ' ^ 

Table 15 

SMSG Number Comparison Scale Responses by Items 
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Each of the items which assessed the meaning of largest (1), more (5), greatest (6), and least (7) was,correctly , 
answered by more than 87% of the pupils.. However, approximately one-fourth of the sample failed to find a 
correct answer for the questions involving the concepts of fewer (2) and bet^fr'e^n (3 and 4). Each iteni on the 
number comparison sdale was a multiple-choice question. The, errors were generally distributed over the ^ 
various distractors, except for questions 2, 3, and 4. On item 2, 19% of the pupils selected the square with the ' 
greatest number of objects. On both items related to betweenness, about 10% of the pupils selected the 
dlstractor which was smaller than either of the two given numbers. ~ • 

The items from the tester's guide are reproduced below^. Next to each item, the numbers of correct, 
incorrect, and omitted responses are listed. The percentage given below each answer choice indicates the 
numberof pupils who selected that'choice. as the answer to the question, * j 
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WHICH PICTURE BfiLOW* HAS FEWER DOTS 
THAN THE PICTURE AT THE TOP? 
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WHICH NUMBER IS LARGEST? 



.0 ^ 

No. conrect: 123 
No. incorrect: 7 
No, omit: * 7 



Item 1 



C:. 99 
I: 30 
0: 6 



Item 2 



^Reproduced with the permission of the Director of SMSG but witI)out the endorsement of the School 
^ Mathematiq^Study Group. - » 
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WHICH NUMBER IS BETWEEN EIGHT AND FIVE? 
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WHICH NUMBER IS BETWEEN FOUR AND 
^ SEVEN? 
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WHICH PICTURE BELOW HAS MORE DOTS 
' THAN THE PICTURE AT THE TOP? 
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Item 5 



WHICH MEANS THE GREATEST NUMBER OF 
THINGS? 
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" WftlCH MEANS THE LEAST NyMBER OF 
THINGS? . ^ 
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Item 7 ' 




Pfoce Va/U€. The scale on place value consisted of eight items. Hie mean^scor^ W2U( 5.2 with a standard 
deviation of JZ.l. The median measure was 5.4 in a distribution of scores which ranged from 0 to 3 correct. A 
disiriiiy of the distribution of scores is given in Figure 14. 
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, SMSG Place Value Scale Raw Scores (Grade Two) S 

Approximately one-third (32%) of the pupils correctly answered at least seven of the eight questions. About 
two-thirds (6!)3.4%) selected the correct response for five or more items. 

Table 16 shows,the correct/incorrect responses to each item. ' . 

- Table 16 , _ ' 

, SMSG Place Value Scale Responses by Items 
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Questions which assessed a pupil's ability to relate a given set^with specific numerals (9, 13, and 14) were^ 
correctly answered by more than twoitiirds of the pu;^. An analysis of the incorrect responses suggests that 
moft enroll were attributable to mistakes in counting the set or to a misunderstanding of the question. Mastery 
of the concifpt of place value wu assessed in items 8, 10, and 15. As a group^ the pupils did not perform well 
on these items. The percent of comet responses ranged^i^rom.21% (8) to 56% (lOj: Low scores suggest that at 
least 50% of the pupils do not have an adequate underBtagdihg of the meaning (i.e., significance) of the digits ' 
in a two-digit nun^eral. Items 11 and 12 tested the puf^irs ability to translate an expanded numeral into a 
standard numeril; at least 80% of the pupils gave the correct response on both items. 

The items wjiich comprise the place vi^ue scale are reproduced beiow^. The pertinent correct/incorrfect data 

^Reprdduc^ with the permission of the Director of the. SMSG but without the endorsement of the School 
Mathematics ^udy Group. 
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are listed for .each item, with the percentage of pupils selecting each, choice on the multiple-choice items given 
below each response. For the free-response items» the correct answer' and the mast fre^quently given u^corroct 
answers are listed, along with the percentage of pupils giving each response. 

WHICH NUMBER HAS A FIVE IN THE TENS RLArt? 



C: 29 
:i: 100 
0: 8 






C: 77 
1: 40 
6: 20 



28 




WHICH NUMBER TELLS HOW MANY TENS? 



RESPONSE 

2 56% , 
.8 1% ' 
28 • 2% 
ID 4% 
9^ 2% 




Item 10 



WHICH NUMBER MEANS, FIVE TENS AND TWO ONES^ 




C: 117 
I: 12 
0: 8 





Item 11 



WHICH NUMBER MANS ONE TEN AND THREE OJslES 






Item 12 



C: 
I: 



93 
23. 



0: ^21 



•• 






• • 




•• • 

• 


• •• f 

• • 


^ WW 

tt 


WW 

It 


• • t 


• •• 



HOW MANY DOTS ARE IN THE PICTURE? 

• ~ . 

MARK TH5 NUMBER AT TfCE BOTTOM mT-TSLU: MOW MAIfY D0T:5. 

(Pause, but not long •^no'Jgh Tor th*- children '.o cov^nt all Ui* dv' ) 

^ MARK THE NUMBER TliAT TELLS "HOVf MANY DOTS AFiE IN Hm PlCrJPF 






68% 



Item 13 



.C: 101 
I: 26 
0: 10 





LOOK AT THE PICTURE. HOW. MANY TENS ARE JHERE? 



RESPONSE 

2 J4% 

20 * 392^ 
10 2% 

21 7% 
30 2% 
— or — 

r> 2% 




Item 14 ' 



C: 70 
I: . 46 
t: "21 




WHICH NUMBER -is' I.N THE MS PLACE? 



kESPONSE 



7 51% 
. 3 17% 
37 7% * 



Item 15 



Comprehension. The scale on comprehension consisted of four items. The mean score 2.3, with a 
standard deviation of 1.1. The median score was 2.4. The range was from 0 to 4 correct. Figure 15 gives the 
distribution of scores. f "* - ' ' ^ 



Munbor 
Students 



Figure 15 



SMSG Comprehension Scale Raw Scores (Grade Two) 
Almost one-half (46%) of the pupils correctly answered three or more questions on this scale, 
A report on the data obtained on each item is given in Table 17. ' , ' 

^ . ' Table 17 

SMSG Comprehension Stale Responses by Items 





> 


Number 


Number 
Correctf 


> 

of Reaponseso 
Irtcorr.ect 


Omit 


0 






16. 


107 


1^ " 


> 15* . 








. 17 


81 


33 , 










18 




^ ^8 


B 





Over thn»t»'fourt>^j|78%) of\ht» pupils l orrortly wlated a stj^blrurtjon (lumus) stiiliMniMil to a pjrlurv (IG)' . ()n 
the other hand^ Ite than one-fourth of the sample (24%) could relate a multiplication (times) sUtemeiit to a, 
•model (17). In response to .this item, most pupils (56%) selected the model which depicts -^three plus four/* 
The ^lution to item 18 required the pupil to identify an instance .of the commutative property of addition 
embedded in the context of a verbal problem. Almost 60Vof the pupils did this successfully. The last item in 
the comprehension scale was related to fractions. By correctly answering this question, over 64% of the pupfls 
ex|)ibited some understanding of the concept of fractions. \ 



WHICH ■ PICTURE SHOWS HVE MINUS THREE^QUAtS TWO? 



C: 107 
I: 15 
0: .15 







78?o 




• 67o ■ 




57o 




> 


Item 16 








' WHICH PICTURE 


SHOWS THREE TIMES 


FOuk? . 










- * » 
.V . 






• • * • 

• • • • 




•••••« 




• 

• • • 




.24% 




9% • 




567o 





Item 17 



C:^ 81 
I: 49 
0: 9 



TOM AND JIM SHARE A BAG OF MARBL^- ONEaDAY TOM^ TAKES 
TWENTY-FIVE OF T4^E MARBLE^' TO SCHOOL AND I^JAKES 'THE OTHER 
SEVENTEEN. THE NEXT DAY .pOM TAKES- S.EVENTEEN MARBLES. HOW. MANX- 
MARBLES ARE THERE FOR JIM TO TAKE? * ' * ' . 







23% 



Item 18 



^Reproduced \fith*'^tBe permMon of the Director of SMSG but .without the endorsement of the School 
''Mathematics Study Group. 
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C' 88 

J.' 39 MRS. J0NES BOUGHT SIX. EGGS. SHE 'USEO ONE HALF THE EGGS 
0; 10 ^ C^l^f- '^^NY EG/3^ 010 S^iE.USE? 




31% 





* • X Item 26 ' . ; 

Applications. The scale on applications consisted of seven items. The mean score was 5.2, with a standard 
deviation of 1.8. The median measure was 5.7 in a distribution which ranged from 0 to 7 correct. The distribu- 
tion of measures is shown in Figure 16. 

' " , I i 



I V 2 



r ' • Figure 16 J " , 
SMSG Applications Scale Raw Scores (Grade Two) 



The descriptive statistics indicate .that 56% of the pupils successfully solved at leas^ six of the s&ven verbal 
RroWems on this scale. 

» . « 
*An item-by-item report on the data collected on the applications scale is given in Table 18 on the page 
_^llowingl^enis 19,. 20, and 21 involved simple addition or subtraction problems, the percent of pupils 



selecting the correct response for these questions ranged from #^low of 89% to a high of 93%.'Sixty.five 
percent ^of the pupijs successfully solved the verbal m^^sing addend problem' (22) and 73% of the pupils solved 
the missing minuend (sum) problem (23). !tem 24 involved a comparative subtraction situation; 63% of the 
pupik selected the correct response. The IjgMtem in this scale (25) involved the concept of alfraction. Fifty- 
four percent of the pupils were able to answer this question. However, almost one-third of the pupils selected 
"2" as. the correct response, suggesting that for many of these pupils," experience with fractions is limited' 

/ ' 31 



prim'arily to the concept of one-half. This observation is supported in part by ^h? pupUs; more successful " 
responses to ftem 26 (see Table 17) a problem involving the concept of one-half. ' _ . 

/ . * ' Table .18 \< '. , » . 

. y. SMSG Applications Scale Responae^ by Items ' ' > ' 



/ ^ 


Item 


Number of Responses 


w • 






• 


Number 


Correct Incorrect 


Omit 








/ ' 
















19 

• ^ 20 


li 

123 9 ; 

1*15 


5 , 










^ 21 


0121 . ^ . 5 • * ' 


5 




« 






22 


,89 * 39* 


9 


1 








23 


100 29 


8 ; ' 










24 


86 • 41 . . 


10 . . 


% 








25 


74 56 


7 
• 




* 





The items for the applications scale are reproduced belowS with the available data on the pupils' responses. 

' C: 103^ , . " . ' 

• I: 9 , ' . " ■ 

O: 5 * ' ■ > • , 

''sue had one crayon. MARY GAVE HER ■ TWO MORE CRAYONS.' 
HOW MANY CRAYONS DOES SUE HAVE /NOW? . . ' 





Itenl 19. 



MAFfY HAD SOME MONEY. SHE SPENT TH^EE CENTS FOR' C^NDY 
' C: -ils AND- ONE , CENT fOI^ A GUM BALL THEN HER MONEY WAS ALL 
^- 16 GONE.' HOW MUCH MONEY DID MARY HAVE, BEFORE SHP SPENT 
°= ^® ANY.? ■ _ 1 ' i. 





2% ■ 



Item 20 




8% 




BReoroduced with the permission of the Director of SMSG but without the endorsement of the School 
Mathematics Study Group. . ♦ , r ' 
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■C: 127 • ' - ^ . 

J. 5 ■ PATH-HAS THREE COOKIES. IF 'SHl EATS ONE OF THEM, HOW 

5 MANY COOKIES WILL, .SHE HAVE LEO? ^ 







Item 2 1 

C: .89 ^< , . 

I: 33, . 

0:-" 9 • , •> 

\ TONY HAD" SQME BLOCKS. DAVID ' GAVE" HIM FOUR MORE BLOCI^S, 
\\ NOW TONY HAS SEVEN BLOCKS. HOW MANY BLOCKS DID tONY 
HAVE BEFOi^E DAVID GAVE HIM MORE? 




65% 




15%^' 




67o 




\ ' Item 22 , 

C: 108 " / . . 

I: 29 JOHN HAD SOME PENNIES.- HE LOST THREE OF THEM. NOW HE 

■O: 8 ' HA^ FOUR PENNIES. HOW MANY PENNIES DID JOHN HAVE 

BEFORE HE LOST ANY? 




10% 




7% 




73r^ 




Item 23 



C:^ 86 
I: 41 
0: 10 



BILL HAS FIVE PENCILS. JOHN HAS THREE PENCILST HOW MAfJV 
>MORE- PENCILS DOES BILL HAVE THAN JOHN? 




6% 




27. 




21% 




6 



Item 24 



iC: 74 



I: 

Or- 



56 
7 



vi'm- Something' is cut ' in fourths, how many pieces 

ARE THERE? ' -^-^ . , h ' 




47o 






64% 



/ « Computation. THe_fi'f(h SMSG scale of ten items assessed the pupils' proficiencies in performing basic 
/ aiJjiitloa computational tasks. The meali score was 8.^ with ^standard deviation of 2.0. The scores ranged 
'"^V^from 0 to 10 correct. The median mgasdre wtts 9.0. The distribution of data is shown in Figure 17: 



U8 I 



Figure 17 
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SMSG Computation Scale Raw Scores (Grade Two) . . ' 
The data indicate that almost 62% of the pupil's correctly computed the sum for nine of the ten pro{)lems. 
* ■ 'An item-by-item report of the data is provided in Table 19. f ^ 

- , Table 19 ' 

SMSG Computation S<»le Responses by Items, ^ 



,34 



—Item, 






Number of Responses 








^Number 




Correct 


Inc6rrect 


Ottitc j 

\ 






27 




J 

131, 


V ' 








28 




^132 


• 0 








"' 29 




130 


' I 


6 






30 




131 


- I 








- 31 . 




129 


• '2 


6 






32 




120 


8- 


9 , 










- 127 




6 






34 




112 
80 


\oS 

36 - V' 


21 . 








i 


79 ^ 


29 . - - : ^ 


29 












• r 


« 
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. As the test results show, approximately 95% of the pppils were succ^ful in computing sums less,thaTi 10. The 
pupils, as a group, were somewhat less proHcient in compu£ing sums for basic facts greater than ten. However, 
almost 82% of thie pupils solved J*7 + 7 - v" This problem was more diffibilt than the other basic fact 
problems," since both addends were greater than* five; the greater difficulty accofunts in part for the increase in 
the number of omissions. Qose to 60% of the sample population were successful in finding the*?um ^f two- 
digit nuipbers with no regrouping. Five pupils in ^he sample did not attempt tb answer any of the questions. 

The problems on the computation sqde are reproduced below^. (Each item is a free-response question.) 
Listedft-with each problem are the responses, correct and incorrect, most frequently given'by the pupils' and the 
percentage of pupils giving each answer. Random errors are not listed: 
/ . 

C: 131 



I: 

0: 



3+3^ 




RESPONSE; , 
6 96% 



C: 132 
I; 0 
oy 5 



RESPONSE: 
5 96% 




+1 



1 



C: 130 
.ir 1 
0: 6 

RESPONSE: * 
9 • 95% 



0+9 



C: 129 
I: 2 



1+7 




C: 131* 
I: 1 
' 0: 5 

RESPONSE: 
•7 96% 



Items 27-30 




RESPONSE:. 
8 94% 



C: 127 



RESPONSE: 
11 95% 




C: 120 
I: 8 ' 
0: .9 

RESPONSE: 
10 88% 

V 



i Cr 112 
*I: 10 
0: 15 



RESPONSE: 

. ,14 82% 




Items 31-34 



35 



4 



C; 79 
I: 29 
0: 29 



RESPONSE: 
90' -&8%. 
9 ^ 4% 
09 3% 
89 1% 
91 1% 



50*40 



C: 
I: 
0: 



80 
.36 



RESPONSE: 
- 65 58% , 

55 or 64 2%' 

75 or 66 3% 

'56 2% 

11 4% 



42 

+23 



Items 35-36 / 

V. ADDITIONAL OBSERVATIONS 

In the two previous sections, sumrparies of descriptive data on nine first-grade variables and^Ieven'second 
grade variables were presented. The report of the data by individual schools is cited in bibliography (Item G) 
In tne fo!!owing.section, relationships among some of these variables are discussed. . ^ 

Readiness for First Grade Wot^. Measures or indicators of entering first graders' knowledge of certain basic 
mathematical concepts and skills were obtained through* the administration of two instruments, the Metropoli- 
tan Readitiess test (MKT) and the SMSG scales. The itenis on the MRT number subtest cover a wide variety of 
topics including* time, money, 'fractions, verbal problems, numeral recognition and betweenness. Only two 
items on this test are explfcitly related to counting and only one classification item appears. However, none of 
these three items t^sts precisely the same concepts and skills that are measured by the SMSG Counting and 
Qassification Scales. For example, none of: the items on the MRT number subtest assesses a child's proficiency 
in the areas of equivalent sets and seriation. Since the common content coverage of the two instruments is 
/minimal. Inferences about a child's^ performance on one test could not necessarily be drawn from his perfor- 
mance on the other test. However, if the pupil's achievement on))asic mathematical topics as measaried by the 
two insti:uments are highly related, then the data from either instrument could be a sufficient predication of a 
child's re^iness jtor'Tirst grade work^Thus, to investigate the relationships among pupils' performances on the 
MRT number subtest and their performances on each of the four SMSG scales, aiipropriat^ scattergrams were 
constructed. Summaries^of the data from these scattergrams are' reported in. Table 20 on the page fdllowing. 
The -percfentage given in each cell denotes that part of the total PMDC first grad^ sample which bad a particular 
pair of corresponding scores on the two tes6. 

Analyses of the data from the scattergrams (Table 20) suggest that there is, to some degree, a moderately 
high association between the pupils' {Performances on the MRT number subtest and each of the four SMSG 
scales. Hojv^ver, It must be noted that those pupils who had a raw score of at least six on the MRYmimber 
subtest generally did quite well on the SMSG scales. That is, a relativjely high score on a SMSG scale does not 
imply a similarly high score on the MRT number subtest. The implication is that manypupils who score 
relatively high on the MRT number subtest have in fact acquired a reasonable level of competency with 
concepts and skills related to counting, equivalent sets, seriation, and classification. The distribution of points 
on the MRT-SMSG, counting scattergram suggests a lower association between these variables than^among MRT 
and the other SMSG variables. The scattered distribution of measures could reflect a greater degree of real 
variability In the counting skills possessed by the pupils in the PMDC sample. Gr, this distribution could reflect 
the affects on the pupils' performances attributable to the testlpg situatioft*^ Regarding the 1974 PMDC test 
data, thfe latter appears 'to be the most reasonable explanation, because the counting scale was the first sdale 
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Scattergrams: MKT Num1>er Raw Scores vs. SMSG First Grade Scales 
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S^LS<; Ordering • ^5^tS^, i l;jsm ficnt lort 

administered In the SMSG component and many children sit first se^ed uneasy working in a new situation. 

Regarding content, the four SMSG scales measured distmct variables. To determine the extent to which 
children having acquired one concept or skill Have also attained a satisfactop^level of proficiency in .another 
area, scattergrams for the six possible combinations among the Jour variables (counting, equivalent sets, 
ordering, classification) were constructed. Data which summarize the results from these scattergrams are 
reported in Table 2 J on the page folj^owing. An analysis of the data presented in Table 21 suggests that about 
50% of the pupils who did quite well on the counting scale (correctly answered at least eight of the ten items), 
» also performed exceptionally well (80% or above) on each of the other scales. Pupils scoring at the 80% level 
or above on the counting test demonstrated a mastery of counting picture sets Avith more than 10 members. 
The scattergrams suggest that entering first graders who h^ve acquired this level of proficiency with cMinting 
. skills stand a 9 to 1 chance of also doing well (8Q%Mevel or abovfe) on the equivalent sets scale, an over 5 to 1 
change tfiat they will do well on the ordering scale, and' a 23 to 1 chance that their performances on the 
classification scale will be at least at^the 80% level. Since the testing situation "had some adverse effects on the 
pupils' performances on the counting scale, these odds are probably understated and therefore do not reflect 
accurate relationships among these variables. The data reported in Table 21 indicate that from one-fourth to 
one-third of the pupils had scores on the counting scale below the 80% level and were at the 80% performance 
level on each of the other tests. Thus, it impossible that under different conditions many of these pupils could 
have scored at the 80% level pr above on the counting scale making the odds stated above, somewhat highe.r. 
, Generally, piipils who scored low on the counting scale (scores in the 0-3 range) were as likely as not to 
perform very well on the other tests. • ' ^ » 

The odds that a pupil performing very well (80% level) on the equivalent sets scale would perform at the 
same level on the counting test wer^ less tha^i 2 to 1, less tljan 5 to 1 on the ordering test, and 37 to 1 on the 
dassification'test. For those pupils having low scores ofi the equivalent sets ttst (0-2" range), the likelihood of 
having a similariy low scpre on the counting test was about ! to 1, 1 to 2 on the ordering test, and.l to 4on 
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Table 21 . 
Scattergrams: First Grade SMSG Scales 
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SMSG Classification 
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the classification test, . < • ^ 

An interpretation of the daU with respect to the ordering scale shows that 2 out of 3 pupils who performed 
at the 80% level on this test performed similarly well on the counting scale. Likewise, about 5 out of 6 pupils 
performed at the 80% level t>nT)oth the ordering and equivalent sets tests, while 7 out of 9 pupils had equally 
high scores on both the ordering and classification scales. At the other extreme, the odds that a pupil 
performed: very poorly on both the ordering scale and the counting scales were about 1 to 2. About 2 out of 
every 3 pupils with low scores on the ordering scale did better on the equivalent sets scale. Similarly, 8 out of 
' 9 pupils with Idw scores on the ordering scale performed bettejr on the classification scale. 

The daU reported in Table 21 indicate that most pup^s (80%) performed atthe 80% level on the* classifica- 
tion scale. The ratios of success (80% level) on the classification scale to success on the counting; equivalent 
sets, and ordering scales were less than 2 to 1, 5 to 1, and 4 foJl, r^p€ctively* However, thx),^*nppils scoring 
low on the classification scale (0-1 range) also scored low on the other scales. 

Overall, the data from the scattergram analyses of the results from the SMSG tests indicate *that the vast 
^-^'majority of the pupils who did quite well (80%) on the counting, equivalent sets, and ordering scales also had ^ 
hi^ scores on the classiflcatfon scale. While the converse relationships among these, variables are not as 
evident, it was observed that those pupils with very low scores on th6 classification ^cale alsdscored very low 
on the other tests. The data also suggest "that a high score (80% level) on the counting, eqf^iM^nLa^, or 
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ordering scales generally implies a similar score ^on each ^oC the other scales; however, in each case a sizeable 
part of the test population did w^ll on one lest and less well on one or both of the other tests. Pupils who had 
a very^low score on either the counting, equivalent set's, or ordering tests did not necessarily have a low score 
on the other tests. In fact, the opposite was usually the case. That is, pupils not performing well on one test 
were more likely to have performed better on one or bbth of the other tests. It should also be rioted (see 
center cell of scattergram) that very few pupils performed moderately 'well on two or more tests. These 
observations* suggest considerable variation among the pupils* acquisitions of readihess skills related to 
counting, equivalent sets, and ordering as measured by the SMSG tests. 

Since girls generally develop schooUrel|ted skills sooner than boys, the data obtained from the 1974 PMDC 
Testing Program^ were analyzed by sex to dS§fmme44^|^^xist€^4 differences in boys' and giris' readiness to^ 
do first grade work. A summary of the data obtained fronrtae^^feij^esjsJlfiorted in Table 22. 



* f Table 22 

Means of Major First Grade Variables by Sex 



Variable ^ 


li<n s 


Giris 


Ai>e In ^1 inths 


76.3 


76.4 


IQ 


113.^ 


112.1 


SEI' 


' 390 


418 


MRT Percentile 


68 . 6 


70.5 


Counting Picture' Sets Raw Store 


6.8 


6.8 


Equivalent Sets ^ Raw Scores 


4.7 


5.0 


Ordering Raw Scores 


' 4.6 , 




, Class if ication Raw Scores 


4.6 


4.6y 



The data reported in Table 22 indicate only slight variances in the boys' and the girls* acquisitiotis of 
"readiness concepts and skills measured by the instruments used' in the ^MDC Testing Program. The girls had 
slightly^ higher scores on the MRT, the SMSG Equivalent Sets Scale, and the SMSG Ordering Scale. These 
differences, however, do not indicate that the girls have a parked advantage over the boys in any one readiness 
area. , . . 

In section U of the report, it was noted that certain children used a physical pointing strate^ to determine 
the number of a picture set, but that most of the other pupils employed a visual counting technique. It >vas 
also obse^ed that the pointing strategy was considerably more reliable than a visual counting technique. To 
determine wliether or not the children in .one of these two groups -were better ptepared for first grade work as 
determined by, the pupils* performances on the P^C test battery instruments, analyses of the data pertaining 
to each of the major variables were done for both groups. A summary of the results of these analyses is 
reported in Table. 23 on the page following. -i , - ' 

, The data reported in Table 23 indicate that except for their ability to determine the number oC picture sets, 
the pupils, who employed a pointing strategy were sli^tlyMess ready to pursue first grade work. Since the non* 
pointers are generally the more able group, it is qujte likelyUhat the results on the SMSG Counting Scale 
would have been' somewhat higher had the test directiAis expliciitly stated that the pupil could touch the 
pictures. . * . ' , ^ 



Table 23 x^- 
Means of Major .First Grade Variables by Counting Techniques 





Va ruble 


Pointers 


Non- Pointers 






Age In Months 


75.7 


76.7 






IQ • , . f ' 


110.8 


llA.l 






SEI . • ' 


A4A.0 


379.5 


f 




WRT Percentile 
^ MRT- Math. Sub test Raw Scores 


66.9 : 
'13.7 


70.8 
15.0 






Counting Picture Sets Raw Scores 
Equivalekit Sets Raw Scores 


8.1 
A. 6 


6.1 
A. 9 






prderln^ Raw Scores ) ^ 
Classlf IcatMj^ Raw Scores ^ 


A. A 


. A. 8 






A.i 


A. 6 





Readiness for Second Grade Work. The instruments, used in the PMDC testljattery measured, for the most 
part, what the pupils had learned during the first grade. Two tests were used to assess a child' s acquisition of 
mathematical concepts and skills. One instrument was the Metropolitan Achievement Test, Primary I (MAT), 
and the other was prepared by. SMSG. These two tests cover somewhat similar content-areas. Topics unique to 
the MAT include time, money, ordinal number names, measurement, and a variety of skills which are usually 
taught during the first part of grade one. lUso, the MAT includes a more comprehensive coverage of computa- 
tion problems, including subtraction, problems With three addends and.problems with missing addends. The 
SMSG test places more emphasis on applicatioivs, verbal problems, number properties, betweenness, and the 
relationships between sets and numbers, especially in connection with more than, less than, and place value. 
Although in some respects the topical coverage on both tests is somewhat similar, considei;{ibl^ variance in the 
items used within each overiapping strand exists. To determine the extent to which the pupils' performances 
on one test were related to their performances on the other test, scattergrams were constructed to show the 
relative distribution of scores on the two tests. Since the SMSG test is sub-divided irtto five parts, five separate 
scattergrams were'constructed. Each scattergram relates the pupil's^percentile ranking on the MAT mathema- 
tics subtest affd the pupil's raw score on one of the five, SMSG scales: number comparison; place value, 
concepts, applications^ and computations. Summaries of these distributions are reportecl in Table 24 on the 
page following. .The percentage in each cell denotes that part of the second grade sample' wh^^:h took the'MAT, 
with .a particular .combination of scores on each test pair. * . ' 

The data presented in Table 24 indicate a somewhat positive relationship between the scores on the MAT 
- an4 the §MSG scales. The only deviatidn from this general trend is that icelatively few of the students with high 
scoresW^the jyiAT had a top scor^ on the SMSG Concepts Scale. A possible explanation for this exception is 
that* one item on the concepts test^lwas related to multiplication. Tbu&i;lt to be expected that most begin- 
ning second graders, regardless of overall achievement, wot^ld miss this Hem. Pupils who did quite well on the 
variolas SMSG Scales generally had MAT Percentile ranking at the 50% level or above. The most notable 
exception to this trend y/iL on the SMSG Computation Test. On this test, pupils at all achievement levels on 
the MAT exhibits some/mastery of*baslc Edition skills. This trend Is probably due to the fact that first 
graders are Ifkely to spend more class tin^e on this skill than on any other topic. The data In Table 24' also 
Indicate that pupils with high scores on the MAT also tlld well on the place value and applications scales. TKis 
suggests thatimowledgi of place value and applications (verbal problems) accounts for much of the differen- 
tiation among scores on the. MATv ' > 
•1 % ' ^ ' 

By definition, the five. scales which comprise\the SMSG second grade test assessed different concepts, and 
skills. Since all of the topics covered by those scales are included in most first grade curricula, analyses of the 
data obtained, from these scales were made to determine to what extent the pupils' acquisitions of concepts 
and skills In one area were related to th^ir achievements In each of the otKer areas. These arfalyses were made 
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Table 24 



Scattergrams: MAT Math vs. SMSG SecQnS Grade Scales 
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by constructing scattergrams (or each test pair. Summaries of the dat^ ftom these scattergrams^are rejrorted in 
Table 25 on the page following. The percentage in each eel! denotes th^part of the second grade sample with 
that paif icular pair of scores on the two tests. 

Interpretations of the data presented suggest a somewhat strong positive relationship between the pupils' 
achievements in each of the five areas. Pupils with hi^ scores (80% level: or above) on the number comparison 
scales -also tended to have hi^'scores on applications and computation scales, but this group also exhibited 
n^ore diversity in scores^on the place value and concepts scales. However, the pupils who exhibited evidence of 
,only moderate achievement on the number comparison scale generally had low scores on the place value and 
concepts scales, but relatively hi^ scores on the applications and computation scales, espedjally the latter. 

^ ,Overall,.the pupils' achievements on* the place value s<iale were not as hi^ as they were onthe other tests, 
Excepting the concepjts scale. Pupils whtjse achievements were at the 80% level on the place value scale tended 
to shdw similariy hi^ achievements on tke other scales, excepting concepts. Pupils with low scores on the 
place value scale, however, generally had much better scores on 'each of the other tests, wepting concepts. 
♦ * 
The concepts scale^ contained only four items, one of whichJwas related to multiplication. Since the vast 
majority of jthe second gradersnnissed this item, the mean percentage score on this test was somewhat lower 
than the mean percentage scores on the other scales. However, ali^ost all of the pupils who correctly'^swere^ 
-the multiplication question had very hi^ scores on each of the other scales. Pupils whose achievements on the 
concepts scale were low did not, in most case^have low scores on the other scales. 

The pupils* achievement patterns on the applications and computation scales*were somewhat parallel. In 
both cases, pupils with high scores on one test also exhibited hl^ achlevement^on th^otiier test and onlhe 
number ^comparison «cale„ with somewhat lower means on the place'value and, concepts scales. Furthermore, 
the pupQs whb had low scores on either the applications or the computaUpn scale had correspondingly low 
scores on the place value and concepts-scales, but generally their achlevemeiS^ on the other scales were much 
higher; ^ * 



Table 25 - ^ 
ScaWrgrams! SMSG Second Grade Scales 
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The data reported' in Table 25 also indicate jthat the pupi\with an achievement score in the middle range ^ 
on one test generally had a simUar score on the number comj^rigon, place value, concepts and applications 
scales. However, most pupils whose achievements were in the middle range on the other tests scored in the 
* high range on the computation scale. ^ ; 

* ' ^ ^ •? 

From the data^ obtained in^ibe-scjcttergram analyses, it appears that most pupils in the 1974 PMDC second 
, grade testing sample were able to acqujre proficiency ii\the areas of nunfiber comparison, applications and 
computation without attaining a similar level of proficiencV, as measured by the SMSCJ scales, in the areas of 
place value and concepts. This gap is especially evident in theVea df computaticm, suggesting that many pupils 
can and do learn computation skills by rote methods. ^ \ 
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^Most-of the instruments used in tlie PMDC test battery tended to measure tlie pupils' achievements in the 
first grade. Since the degree of success in learning the concepts ^nd skills usually taught in the first grade mi^ht^ 
not be uniform for botR bgya and giiJs, tha data obtained from the' 1974 PMDC Testing Program^ were 
analyzed separately for each se*£*A^u?nmary of the data from these analyses is reported in Table 26. 
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Table 26 . - ' 

' Means of Major Second Grade Variables 



Variable \^ • 




Girls— 


Age In Months 
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• - IQ 


112.2 




SEI * 
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MAT-readlng percentile 
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MAT-math percentile 
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66-:^ ' 


SrtSG Numbeil Computation Raw Scores , 
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SMSG Applications Raw Scores 
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SMSG Computations Raw Scores^, 


8.6 


8.5 









The data presented in Table 26 indicate that both groups were approximately .equivalent with respect to 
age, IQ, SEI, and performances onlhe five SMSG scales. The girls as a, group exhibited somewhat high^P*^ 
achievement in the area> of reading on the MAT, whereas the boys had slightly higher scores on the AlAT math 
subtest. , 



. VI. CASjE STUDIES AND FOLLOW-UP STUDIES 

* The data obtained from the SMSG First Grade Scales left unanswered certain questions pertaining to the 
pupils' understandings of and proficiencies with the concepts and skills being assessed. In an effort to explore 
further the depth of the children's knowledge in these areas, several PMDC principal inveltigators conducted 
follow-up studies to 'the regular testing program. Reports of four such studies are presented in this secjiort. 
Two, of the^reports are related to seriation tasks and two to equivalent sets. ^ _ . 

CASE STUDY 1: P'S ABILITY TO SEr/aT^^^ \; \ ^ . 

Along withtother firet g^^^ studies, P was tested with the seriation 4tems under . 

"the standard conditiori£XS«^^6il#Bijh^ Responding to directions, P consistently chosl^ly two»-tRe ^ 
smallest t^d the largest-of ihFfeur or five objects handed to hhn and placed theifl from* left to right before . ^ 
him on the table in the order ftnentioned by the experimenter' (E). He simply ignored the remaining two or 
three object*.. For example, after being given the fojur circles and being askeid, "Can you put these on a line so «v 
they go from largest to the smallest?" he did thisu-/ / ^^^-^^^ 

' ~ ^ ^ . ' - i 



lOfiy Eugene D. Nichols 




was successful each time when asked by E to hand Jiim either the largest or the smallest object. 

During the^an^lysls of the videotape made of P's behavior under the standard testing conditions, the main 
question, which cannot be completely answered, was whether P wa;s in fact unable to seriate (arrange objects 
from largest, to smallest, or vice v€na) or whether P responded to the oral directions as heomdeiptood them. 
That Is, while P might hive the concept of seriation, he did not know that he wtfS being asked to seriate. 

" To. explore this, E re-interviewed &^ weeks later. There is no evidence that P could -have received any 
. instruction about seria\ion during the interim. The second interview was open-ended; the standard directions 
were not followed. ^ . 

During the second inferview, P was handed four circles and tol(J to do with tbem whatever he liked. Quickly 
and without hesitation, P arranged them on the^ble before bim like this: 




O o 



When*!asked to describe' what he had done, P poinled to each circle, starting jvith the largest, and^described 
them as '^Big, middle size, little, teeniest." 

/ * 

Next P was given four triangles. 



E. Can you do the same thing with the triangles as you did with X^e circles? 



4 



P. Yeah' [quite confidently]. 
After P had arranged the tri^mgles asT^ws, 



he was asked to descriWf what he had dolve. fe^P^d, "Bigge%, m%^e^ Jittle, (ittlfest.r Wh6n a^ked to 
ddo the same thing with four buttons, Parrangedraiem thus, . ^ /y 



X 'A 



and described them as "Biggest, middle size, little, teeny." L*^ . ' ' ^ v ' ' ' 

On the basis of this op^n^ended interview,,one is justified in concluding that^Moes indeed h|ye tli^ ^onciept 
of seriation, seemin^y. in .contradiction of tlie^conclusion of the testing two v^eks earlier-when standard .test 
conditions and directions were usea. " ' ^ ' ' ^''* t>, *^ 

* This episb'de poses several important'questlons about the effectiveness of communication between adults 
, and children. Do the oral directions to which children respond communicate whatVe wish the children to do? 
Are we drawing erroneous conclusions about childrer> and their particular concepts because cWldren respond 
to the directions as they-not we--understand them? Are' there more- ef fectftre nohWer^.ways t^ communl. 
cate with chilcjteh? If so, how can they be employed In classroom situations? \' ' ^ * ^ 



CASK STUDY 2: ):S CONCEPT OF UQUIVALENT SETS H 

As part of the total PMDC Testing Program, ail first graders wlio were involved in PMDC studies and tnbse 
in the corresponding control groups were administered the SMSG Equivalent Sets Test. In order to checkout 
the concept bf equivalent sets acquired by second graders, ^me second grade students were administered the 
same test, but in an open-ended interview. In his responses, J is typical of the several second gniders inter- 
viewed. J is judged by his' teachers to be a good student. In the first grade, he was taught the usual concept of 
equivalent sets: i.e., two sets are equivalent when they have the same number of elements. Of course, only 
finite sets Were considered. • ' 

The experimenter (E) interviewed J in the Fall of 1974 to discover wftat the term "equivalent sets^ meant 
to J. E began the interview, using materials Xrom Grade 1 test batteries lieveloped by School Mathematics 
Study Grou{)k(see pp. 12'14). Since the specific intention was to administeXthe test not in accordance with 
the standard conditions, the prescribed directions were not followed. - 



A rectangular-shaped piece of cardboard" (10"x 13") and about 20i}uttons w\re placed on the table before 
J. Then Card 1 was placed^before him. 



/ 



Scale pUgrann of 
first seriation 
task, witb^ard 1 




buttons 



cardboard 



E gave the following directions: 



I want you to make on this paper, here with these buttons a set which is equivalent to this set [pointing to 
Cardl]. ' • - ^ ^ 

ft 

Rather thoughtfully', ^duplicated with thel)uUons the configuration found on Card 1. Then E said: 

. , ■ • ■ ■' ■ 

Now I am going to move this button here . - ' ^ 

E moved oAe of the buttons to obtain the following configuration; 



"ft 

\ 
\ 
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E's arrangement of^^yxtpns' 
from; the Card 1 pathern 
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The interview^ continued': ^ , • 

E. Is'this set bore IpqJnU to the cardbwirdi i?qulva!eHl to this set tpi>lut$ to Curd 1 1? 
J. No. • ; " y 

E. Would you fix It so it is? * - • 

J. [Slides the button back to its original position. ] 

E.. Now this set [points to the cardl^oard] is equivalent to this one [points to Card 1]? 

J. Yes. ' . ■ ' 

* . " > 

E. O.K. Do you know what ''equivalent" means? ^ 

J. Equivalent? [Shrugs his shoulders.] ' 

E. Did ypu -ever use this in any class? « 

J. In first grade. ^ . ^ . 

E. Did you use it in math? 

' . i 

. J. Yeah. ^ ^ 

r - --n 

J was then presehted with dfttd 2. i * 



\ 



Card 2 



J^^tgain reconstructed meticulously the pattern oT the test card. When E moved one of the buttons out of the 
patten\, J said that Uie sets were po longer equivalent. TTifen E spreadjie buttons by placing them in the four 
comers of-the cardboard. ^ > * 

E. Now I will change it like thisT [Spreads the buttons apart; he no longer needs to repeat the questionv] 



E's rearrangement of buttons 
from the Card 2 pattern 



- J. Sort of. 

E. Sortof but not quite. * 
' J. No/nOrf' 

.E. Would you fix it so it is not sort of? 



9 



vJ. Um..'maybe it's a little smailet. [Puts the four buttons in^their original position,* so they accurately 
duplicate distances between the dots on the card.] C -* ^ 



By 4hU time, it was rather clear that J's, concept of equivalent sets called^ for th^^ objects pf two sets to be 
arranged according to the same pattern. Of couise^ he demonsl^ted all along that they must have^the same 
number of elements. One wonders whether these two conditions constitute all of the jConditiSns for the 
equivalence of sets for him. ^ 

The interview continued J was presented with Cards 3 and 4; each time one button wa^ moved out of the 



<5onfiguration, 5l>put it back to restore the "equivalence" of the sets. 




• • 


- . !• .i 


- Cards.' 
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1 

Card 4 ^ • i 


Next J was presented with Card 5. 
• 

t 


Carcl 5 


1 

• • 

• • 



After he constructed the,set» reproducing the pattern on Card 5, £ turned the cardboard clockwise approxi> 



• • • 

• • • 



New po^on of buttons 
fronij^ viewpoint, after 
CMdwas turned by E 



£. Is-tlm-set [points to the cardboard] equivalent to this [points to Card 5]? 



J _J^' Doesn't look like it 



. E. Doesn't look like it? 
J. No. 



£. Would you want to fix it so that It is equivalent to this? 

J turned the cardboard^O degrees counterclockwise to restoik it to the original position and nodded his head 
'•ye^" when asked, "Now it is?" . . ^ ^ ^ , * . 

. At this poin^, £ asked J to tell him what was meant by "equivklent sets/' J, very thoughtfully, stated that 
they have the same number and .the same shape and they are in the right order and are circles. After enumer- 
ating these four conditions, i said, "That's alL" T * ^ 

This interview revealed that J had internalized his own notion of equivalent sets and he was able to act^ 
^^^poh this notion quite consistently. Later In^e' interview, ^henO was asked to pretend that two sets are 
. equivalent "0 they have the same«number, and that's all," J declared two sets ydth the same,numl>er but 
different configurations to be equivalent, but the videotapes reveal he was reluctant to do so. ApparenC^, it is 
^ not easy for lihn to act upon a hypothesis which does not agree wiih the concept of equivalent sets he has 
developed on his o^n. This case study jn|ises an important question for teacjiers to consider: How different are 
the concepts which children form fr6m the concepts that the teacher intends them to have? ^ 



r 
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FOLLOW-UP STUDY OP PERFORMANCE ON ' , . . 

JMSG FIRST GRADE EQUIVALENT SETS SCALE * . ' 

^ W)itt would the term "equivalent sets" mean to a child who has not been explicitly taught, as in the SMSG 
kindergarten curriculuni^ that in order for two sets-'to be equivalent they musft have the same number of ^ 
members? Prior to the administration of the PMDC test battery, in particular the SMSG test on equivalent setsT 
(pp. 12-14), several PMDC principal investigators hypothesized that the answer to the above question would be ^ 
"nbthing." Nevertheless^ while most ofjthe pupils who^participated in the PMDC 'iTesting Program Had nqi 
been exposed to an explicit treatment of equivalence, thelr.performance on the SMSG Equivalent Sets Scale 
did not bear out the principal investigators' conjectures. Eighty-five percent of the PMDC sample population * 
correctly answered at least one-half of the iten^s, with*75% of thfe total sample givihg,torrectrespons^to at 
least five of thre six items in the scale. Furtherpiore, it was necessary to give the alternate direction ^.J^Make a 
set with the same number^" to only a small fraction of the pupils! Even fewer pupils aske^f "What Is 
'equivalent*?" Jhus, without having studied a formal defmitiSn of equivalent sets, the pupils in the PMDC 
testing population were able to, do remarkably well on tasks involving the construction' of a set equivalent to a 
given set A secondary question was thus formulate d;i:e.. What did the term Equivalent sets" mean to these 
pupils? . ^ 

In, accordance with the sdoring guidelines used by PMDC teste.rs, the method used by a pupil to solve an 
equivalent sets task was recorded on the pupil answer sheet (bibliography Item^A). Basically, the problem-solv* 
ing^techniqu^s were grouped into two major categories: a matching strategy and a counting strategy. In solving 
the six items on the scale, the counting strategy was used approximately 35% of the time and the matching 
strategy in about* 55% of the cases. The counting.strategy was sRghlly more effective, having a correct/incor- 
rect ratio of 8 to 1 compared to a 6 to 1 success ratio for the matching strkt«gy. il^. ' ^ 

By utilising a counting strategy to construct a set equivalent to a given set, the pupils exhibited an under- 
standing that equivalent sets had to be .equal in number.^Approxima^ly one-third of the pupils using a count- 
ing strategy attempted ta reproduce the configuration of dots on the card. This last suggests that for these 
^)upils^ equivalent sets must have the same design (members o£the sets arranged in identical patterns) as well a$ 
be equal in nurrtber. The other pupils who used a counting strat^.gy, about 25% of the total sample pbpulation, 
-made no effort to reproduce the dot configuration. For these pupils, then, equality in number was the sole 
criterion for establishing the equivalency of two sets. - • < 

The meaning that*"set equivalence'* had for the pupils who used a matching strategy was not entirely clear 
. from the data obtained during the administration of the equivalent se^ scale. Therefore, a ftmher^study was 
undertaken in an^ effort to untf&ver possible m^ings of "equivalent sets" among be ^qning first ^de diil-' 
dren. The study was conducted four weeks after the completion of the PMDC testing program. During the 
interim, the^chUdren had completed exercises in their textbook drawing lines to pair Uie memben of two sets ^ 
and then deciding whether or not the sets were equal in numljer. However, throughoutjhe u nit W matching 
sets the term "equivalence" had not been used. • * 

The folloW-up study was conducted in a school which serves a predominately low socioeconomic commu- 
nity. ^However, the eleven gjiplls (six boys, five giris) involved in this study were from v.aried socioeconomic 
backgrounds. The median SEI tot the group waSs 400. This measure was close to the median ^EI of 393 for the 
entire^ PMDC sample. The pupils also varied in their readiness for first grade wort as^measured by their 
performances on the Metropolitan Readiness Test and for the SMSG sci^s. Hie data from thes? instruments 
are reported in Table 27, on the page following, along wfth the correspoi^ing data for the total PMDC'testing 
sample. . ^ ' . . , 

Although the pi^)ils in the follow-up sample did not exhibit readiness concepts and skUls on a par, with 
those of the total PMDC testing population^ their average achievement was slightly above that of the pupils in 
their class who did not ptoticipatfe in the follow-jip study. (See Jh|Jbliography, Item C). Of the eleven pupils, six [ 
used a counting strategy in solving the 'tasks on the SMSG Equivalent' Sets Scale. Four of these six puptis 
, attempted to reproduce the dot cqnfiguratipn aftejr they counted the^buttons. The remaining five pupils in'tlw**^ 
- ' follow-up sample employed a matching strategy to solye the problems. , ^ 

The regular classroom teacher rai^domly selected the pupils to participate \t\ the follo^^p interviews. Each 
interview was individually administered, and averaged about ten'' minutes in length. The interviews were / 
abructured as' follows: 



; Table 27 

i * 

Data on Follow-up Study and PMDC Sample 



if ' 





r ▼ 


Mean 


Measures 




Instrument / 


Follow-up Sampl< 


5 . Total WDC Sample ^ 




• 

Metrdpolltan Readiness 
•> 

SMSG Counting 


517. : 

M . ' 


69% . 




SMSG Equivalent Se£s 


, 3.9 * 






SMSg' Ordering ' 


r 

3.5^ 


, A.7 ^ 




SMSG Classification • 

'7 

■# 


* * A.3^ 





(a) The tester gave the pupil about 20 one-inch cardboard squares, some white and some black 

(b) The tester used similar squares to construct the following patter^; Q ||||| 

■ , 

and then asked the pupil to use his/her squares to make an equivalent ^t. When the pupil had con- 
• ^ s,tructe4 a set, the interviewer' asked the p\ipil why the'set was equivalent. 

(c) The pupiL was asked to make a^set and was told that the interviewer would make^an^equivalent set. In 
constructing ihe set, the interviewer used the same number of squares, bdt witii a different combina- 
tion, of black pid white squares a^d in a si^iflcantly different design. For example, one pupil made the 
follawijigset, "* Q Q ' - * * * ' 

' and the intervjewer responded as follows: ^ " , 

, - 1 . ^ , □■□t3« . 

• * ' - - 4 < « • 

\ . • • » • ^ ♦ r . 

The pupil was asked,"**'EKd I nu^kf :a set equivalent to your set?" If the pupil answered, "No,'' the 
interviewer asked the pupB.t^ explain how the set could be changed to make it equivalent. 
^ » , . ♦ . / 

(<}) The third task was similar to, the first (b),MBxcept that the interviewer made the following patt^rh: 

(e) The- fourth and final ti^k was a replication of th6 second (c), except that the interviewer used a diffej- 
§lit number and color combination to m Foreiaraple: / . 

Pupil \^ Interviewer ^ 

' r • ■ "' ; - ^ ^ • ■ - □ ,. • ;^ 

^ , JThus, the pupils' presented wiih four sjtuationTin which they had to explaih.Wh^ two sets were\)'r 
were not equivalent. , I/ * ^* . ' 




The explanations given by the pupils were* quite clear. In each case, the pupil cited specific reasons as to 
why the sets were or were not equivalent. One of the eleven pupils based his justifications solely on the design 
(ammgement of objects) of'the set, giving no indication that equality of number was a condition for ^quiva-^ 
lence. For example, in response to the first task (b) this pupil made a square array wittunine members and said 
that the sets were -equivalent. All of me other pupils cited a number condition as being necessary for the 
equivalence of two 'sets. . - - . > . » 

These ten pupils, however, differed in-the way they used tbe number prol)erty. Two of the pupUs focused 
on, the number of the whole set That is, in iresponding to the fourth task (e), one pupil said, *They are notr 
equivalent because this set has 6 and yours 5." He directed the interviewer to place one more square in the row 
with only two squares. He then was satisfied that the sets were equivalent. The remainhig eight pupils focused 
their attentionsron the number properties ^subsets of the given set. For example, in justifying his fes|^dnse to 

• the first Question (b), .one pupil said, **You have dne black and I have one black. You have 3 ^ites^and I have 
3 whlteS'* Another pupil gave this explanation: "I have 2 here [pointing to top/ow] and you*have;2i 
[poihting to bottom rowj^and you have 2." When presented with a ^ituation sii^ilar to the example in (e), one 
pupil ans^erctf, "No. I have 3 [pointed to a subset with ^squares'] , tfut you Have 3 [pointed to a subset with 2 

. squares]/' Thus, this group of 8 pupils established the eqiiiralence or' non-equivalence of two sets by 
comparing the number property of their subsets. In each case,'the pupils partitioned the sets into-suteets with 
four or fewer members. While four of these' pupils usually insisted that the jquares in both sets be arranged in 
the same pattern, otUy one pupil, identified equivalent subsets, regardess of the arrangement of the item. 
Although none of th^ eleven pupils indicated thatjiameri.ess in color combinations was a necessary condition 
for equivalence, the eight pupils^Wh^ compared subsets frequently used color in identifying subsets. . 

Not all of the pupils who made conipariions with sulTsets were always successful in identifying equivalent 
sets. Three of these- pupils consistentiy focWd on only 6ne pair of svAsets.'^lf that particular pair of subsets 
were equjiyalent,"then they responded that the sets were equivalent. FoV example, in responding to the second 
task (c), one pupil placed only 3 squares in ^ line and said, "Three here, three here; they are equivalent'* The 
interviewer, pointed to the entire set he had made and asked, "Is my set eqliWalent to youi^ set?" T^e pupil 
. reaffirmed that the sets were equivalent, another case (the fourth task),:yie pupil made a set wi'th severi 
squares.4The mterviewer made a set similar in dpign, but,with on'IV^ix squares. .The pupil identified a subset of 
three squares in each -.arrangement and rlespond^d that the s^ts were equivalent. In a sense, the pupil had a 
correct answer because his attentioji was focused on only on^ pair of subsets, each with three inemliers. y 

The data froi^this investigation into whirt the term**"equivalent sets" means to first grade pupils suggest 
^that similarity in {tie arrangement of objects within a^et is likely to be a necessary condition for eqiiiy^alence. 
/This* requirement, which is selMmposeJ by the pupil* Could ^*an adverse fac'lor in4he learning ot o^her 
{ mathemafeical^concepts and skills such as addition and subtraction. The data also sugge^ that many pupils have 
devdoped-roln their own-a technique for comparing the number property j)f setd by p^itioning a larger set 
Jnto subs^tsrThis^capabUity on the pupil's part could becapitalized'upon in teaching addition and subtraction. 
- 'Howeyer,-^the teacher ' must' wcercise caution by insuring that "the pupil follows this technique' through to 
^completion, and does not terminate the process 'after one or two compansojis, as some pupils did in the^ 
example^ cited above. * . * * > * ** • ^ ^ 

Fm.LOW-UP'STUDY OF PERFOI^MANCE ON SMSGJ^IRST GR^mloRD^ING SCALES 

Approximately 72% of the first grade pupils in the PMDC testiiig sample succjessfuUy completed at least five 
of the six seriation tasks' in the SMSG Otdering Scales. At the other extreme howeyer^lJ%of the pupils did 
not succeed with any of the items. Further, almost 24%of the pupils in the testing population failedlKorreeHy 
:to answer At least one-half of the seriation items. There are several possible explan^ons as to why ^certain 
, pupils did not exhibit, in their performances- on the SWSG scalej^an understanding of seriation concepts. 
Included amphg the most probable aret (a) the child had not developed a concept of seriation, (b) the child 
did not understand the directions and/or the vocabulary «sed in presenting the tas^s, or (c) the cpnditidns*bf 

• Ihe testing situation could have, adversely affected -tlje child's' willingness to respond. The study described 
below was conducted f^ the pj^JPlpse of obtaining additional insights as to why^some children diinot e^^hibit 

» a greater knowledge of seriation concepts and 'skills^ than tiieit perfonnances on the SMSG scale indicated. - 

All twelve student^ selecteci to participate in this follow-up ^Wdy wer^from one first grade class ?tnd 
. represented 41% of- the class. 'With the exception of two pupils, irimvidual raSkings on a socioeconomic scale ♦ 



could be deicrlbed as low. For this group,.the meditn socioeconomic index on tlie HoUingsliead Scale was 650, 
with an Jndex of 750 repx«sentii)g the lowest socloeconon^c status. »The group*s average performance oi\the 
Metropolitan test was also low. On this test, only four pupils had test scores above the twentieth percentile. 
.On the SMSCf Counting Scale, eight of the twelve pupils gave correct respo^s to.at least seven of the ten 
items. The' other four pupils correctly tosWered, at most, two. questions, ^mM^ group of <;hildren did 
quite poorly on the SMSG EquivaleniiCets Scale. Only two students successfroy completed a total of five or 
sixstasks. The remaining ten pupUs^gave correct responses, at most, to two of the six Items on the scale. Eight 
of the pupils correctly Identified at least half of the five objects In the SMSG Classification *ScaIe; the other 
pupils answered, at most, one question. Based on the data provided by these various evaluation instruments, 
this group of twelve pupils appeared to be less ready or capable of doing first grade math than most of .the 
pupils in the PMDC sample population. . 4| ' . 

The follow-up study wa& conducted through one-lo-one interviews with the twelVe pupils. Tlje typical 
taterview, took about five minutes, with only two Interview^ extending to twelve mli\utes. The same basic 
format wfa followed in conducting all interviews, Howeverf moclfficatlons were made to* accomodate different 
pupU responses. A desciption of the interview procedures and a summary of the pupils' performances on each 
task/follrfw. ^ ' » - * • • . » I ' • * 

Each ii^rview began with adminlsbr^lion of the first item on|he SMSG Ordering Scife which.the-child^ad. 
missed during the tegular testing program. Fpr nine pupils it w^ the first item (circles)12^ for two pupils it was 
the second item (trlan^es), and for one pupif it was the third item (buttons). Only three' pupils successfully 
performed their first t^sks in the follow-up study. - . ^ 

. • ^ ' " *' 

The next st§p was to. place the se^" of five blocks in a pile on the tahleand to instruct the Rupil to put them 
in order. Ten of the twelve pupils did not perform this task correctly, ^f the tbree*pupils who were'successful 
an the first test, two~were successful on tiie second t^k. At this point, the interview structure was modified' 
for the^ two pupils. They were g|yen the*«emaialng sets of obj^ts (objects not used in task one or task two)/ 
and. told "Put these in^rder." Bpth pupils successfully completed all remahita^ seriatipn tasks. OhTofthese 
pupils had correctly altered three>pf the six items during the'originid SMSG test a^lnlstration and the 
other pupil had.correctly ordered two sets of objects.. Apparently, the performance of these two pupUs on the 
seriation tasks administered during ttie original testing program caA be/ attributed largely to conditions of the 
testing situation, such as t^e j^iresence of video equipment, tlj^-one-to-one interview, ibe unfamiliar interview- 
er, and/or the itfifamillar room," . ' 

The follow-up procedure for the ten pupils'who didjiot respond to- the instructions "Put these in order" 

was for the interviewer ti\ordef the straws longest to shortest on the tiA)le and to say to the child, "Order the 

blocks like I haVe o^fdered Qle sfraws^' Six of the 'remaining ten j)upils' were successful' in this, task*. To theS€; 

children, the ijiterviewer gave each remaining set of objects {buttons, circles, straws, recfckn^es and trian^es), 

ind said, "Put these in ojrder^" Each-of the six pupils was ab'le tg order correctiy the objects in at least four of 

the five sets. Tjjie conect responses suggest that these children were unsuccessful in previous seriation ^ks 

because they" had not understood tiie^directions. One PHpOjjUhis group had confectiy answered three items on 

the 'SMSG test, Foi this child, Ae condlt^ns of the testing, situation may have been th§ major factor 

influencing his prievious responses. * > * • 

*■ " ' ♦ , ' * 

' ^. ^ 

For the pupils who 'had not?8UCcessfu}ly coniplfeted the above tasks, the interviewer ordered the buttons 
from largest to^smallest, gave the child the se^ of circles, and said, "Order the circles like I have ordered the 
buttpns." Two pupils conrectly performed tfie task in response to this model. Further, given the directions 
"Put these jn order," they- were then able to orde?, correctly the objects In.at least four ofpthe six sets, On^ 
child did not^rrectiy order the rectangles and straws; the extremes^ were correct, but-two of the niiddle 
objects were interchanged. A^ possible reason for fthe^ enors Is that the child placed the objects end-to-end, 
thus making It more difficult to detect differenjes In length. Although these two pupils were eventually 
successful In performing seriation tasks, the explana'flon for^elr inabSlty to do the prior seriation tasks is not 
clear. It could be that these children needed the'relnfotcement of several models before they gained sufficient 
confidence to respond, or t^at the seriation test Itself could In -fact have been a leamlng«sltuatlon.for them. 

* • ' * ' . 

For the two pupils who«were not successful on any of the above tasks, the fpUqw-up Interview continued 
with the Interviewer ordering the^ straws and asKing; the pupil to place the rectan^es on the 'table In.a.like . 

12see pp. 14a5. — \ . ' * ■ " - 
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manner. Neither of the pupils performed this task successfully. In the basic plan for the follow-up study, the 
interview was to be terminated at this point. However, during the foliow-up session, one child commented that 
the longest rectangle was^the **daddy" and the shortest rectangle was the "baby." Following up this lead, the 
interviewer asked the child to think of the rectan^es as members of a family cmd to place them in order. The 
child did so and explained why the arrangement was correct. Further, this pupil was able to ^rder correctly the 
objects in each of the other sets when instructed to think of the objects as a family. This technique was also 
used in testing the other child with the same results. Thus, these two chi|dren'apparently did in fact possejgs 
the essential seriition concepts and skills in the context of a concrete situation. 

Fromithe results of this follow-up study, one can conclude that the data from the original SMSG test did 
not give a totally valid^ assessment of these twelve children's understandings o^seriation concepts. Rather, it 
appears tiiat*the testing situati&n and/or the test directions ^ife the root causes for the pupils^ poor perfor- 
mances. Teachers should be reluctant to accepta child's poor performance on a topical sedation test as a valid 
indication that the^ child does not possess the basic seriation concepts and skills. Jlather, in these situations, the 
teacher should vary the mode of presenting the* tasks to determine whether some external factor, sudi as 
vocabulary, obscuring the child's real abilities. , / 
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